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PREFACE 


As a result of wide and valuable experience obtained while an aeronautical 
engineer officer in the United States Army Air Service in active service both in 
tliis country and abroad, jxirt of which time was spent in instructing prospective 
aviators and mechanics, and in response to an insistent demand, the writer pre- 
pared a treatise on airplane power plants called “Aviation Engines,” which met 
with a very gratifying reception and which was used by many aviation schools 
as a text on this subject. Instructors who had been using the engine book suc- 
cessfully and numerous students who had derived some benefit from its con- 
tents have asked for an exposition of the airplane in which its operation and 
repair principles would be explained in the same simple non-technical manner as 
the treatise referring to ])ower plants. 

To meet this demand, the present treatise has been prepared and instruc- 
tors, both civilian and army officers, who have reiid the manuscript have pro- 
nouncal the Ipok as one well suited for instruction work. It is not intended 
to be an engineering treatise, or is it intended to consider technical points that 
can interest only the designer. At the same time, it is necessary to consider 
some of the basic principles of airplane flight and aerofoil design in simple 
language so the student may obtain a complete grasp f)f the elements of the sub- 
ject. For those seeking technical knowledge, numerous excellent reference 
works and (ioverninenl publicetions arc available. Books for boys are also on 
the market, defining the subject in very simple language so neither of these 
extremes has Ijeen considered in preparing this text, because any need for <he 
above can be met with existing works. 

The notes on insiK'ction and lining up of airplanes have been purposely 
made brief and may api)ly to airplanes in general, as well as the specific types 
illustrated. This also a])i)lics to the instructions, or rather observations, on flying 
which have been suggested by a pilot of considerable cx])ericnce as flying cannot 
be learned by the ordinary person by reading and even ex[)erts require constant 
practice in the air to maintain their skill. Every effort has been n^fle to ex- 
plain the most important of the many technical j)oints and numerous diagrams 
have been prepared to amj)lify the text. It is believed that this treatise, owing 
to its having been prejxired with a full realization of the average student’s needs, 
shSuld be well adapted for instructirm work on general principles of mechanical 
flight and their practical application in both ligbter-than-air craft and airplanes. 
•The book should be as well ada])ted to general reading and for reference and to 
home study work as it is for classroom instructions. 

New types of engines in both air- and water-cooled types that have com- 
mercial possibilities arc described and illustrated and complete directions are 
given for their installation and care. Various models of recently designed air- 
planes and seaplanes and their principal characteristics are described. There has 
been so much done in aeronautics that it is impossible to describe all types of 
engines or airplanes in a treatise of this scope, so the tyjies selected are those 
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that may be considered typical of either early design or mope modern develop- 
ments. There are many good engines and airplanes that could not be described 
because of lack of space. 

The recent performances of both types of aircraft; including the large air- 
ships and smaller airplanes have created a great and active interest in aviation 
and aerostation on the part of the public and much thought and study is being 
given to the commercial applications of aircraft. For this reason, rather ex- 
tended consideration is given to some of the aspects of commercial aviation and 
notes are included in this new edition on aerial navigation and night flying so 
some of the practical problems facing those wishing to develop aviation can be 
realized. 

Victor W. Page. 
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MODERN AIRCR^T 

CHAPTER I 

AIRCRAFT TY^ES 

Distance no Longer Computed in Miles — Brief History of Early Flights — First Chan- 
■ nel Crossing — Force of Air in Motion — Structure of the Atmosphere — ^The Strato- 
sphere — The Troposphere — Ascensional Power of Warm Air — Lifting Power of 
Hydrogen Gas — Types of Dirigible Balloons — Heavier-than-Air Machines — ^Why 
Airplane is Best — Attraction of Gravity — Kite Supported by Air in Motion — Air 
Resistance — Resistance of Aerofoil Sections — How Air Pressure Varies with 
Speed — How Airplanes Differ — Monoplane Development — Flying not Inherently 
Dangerous — Good Pilots Essential — Possibilities of Aviation — Aviation and Insur- 
ance — Standard Definitions. 

The navigation of the air, which has been the dream of mankind for 
ages, has only been realized in recent years. Practical aircraft have been 
built in definite forms that can easily be classified, and also in several ex- 
perimental types that are little known and which hav.e been discarded in 
favor of rhe tyi)es known to be practical. The air is a gas composed of 
oxygen and nitrogen that surrounds the earth and which is said to extend 
above the earth’s surface for about 40 miles, though the density becomes 
less and the air becomes rarer as the distance above the earth’s suVface 
increases. Above a certain height, about four or five miles from sea level, 
Mt is very difficult for human beings to breathe because of the rarity of the 
air. We are so used to moving about in the air that many consider it an 
almost intangible sul)stance and do not realize that 16 cubic feet of air 
will Aveigh about a pound and that it exerts a ])ressure of about 15 pounds 
per S(|uare inch surface on everything at sea level. We are so constituted 
that this load is not api)reciable to us any more than the force of gravity. 
Everyone knows, of course, that if there were no air there could be no life, 
but ju'obably very fcAV fully realize its immense importance in almost every- 
thing we do. In one condition it is invigorating and gives us a zest for 
hard w'ork whether mental or i)hysical; in another it leaves us )ressed 
and incapacitated for efficient labor. Numerous manufacturing processes 
are radically affected by the amount of moisture in the air and many others 
by its temperature. Power is transmitted by it; Ave communicate our 
thoughts to one another by vibrations of the air, and by its aid we have 
recently acquired our swiftest inode of travel. In the last fcAV years, sev- 
eral elements, helium, argon, neon, kry])ton and xenon, have been found in 
the atmosphere that pr(‘viously were unknown and even unsuspected. One 
of these, argon, amounts to nearly 1 ]Aart in 100 of the Avhole atmos])herc, 
and yet through decade after decade of chemical investigations involving 
countless thousands of air analyses, it, and all its family of gases, remainecl 
undiscovered. 

■Distances No Longer Computed in Miles. — Distance today is no longer 
computed in miles, but in the cx])enditure of time required to travel from 

1 
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one place to another. Aircraft in the past decade has played ap important 
role in bringing to pass this new aspect and conception bf distance. Cities^ 
towns, communities, and even countries, once remote from other centers, 
have, through quickened travel by air, come into closer contact and more 
complete comniiuiication, for distances ma}^ now be translated into 
minutes instead of hours, and into hours instead of days. The airship 
"'Los Angeles” has been driven without stop across the Atlantic Ocean from 
Central Europe to the Unite^f States in 80 hours and from land's end to 
land's end in 61 hours. Even the fastest liners, conceived by builders with 
the experience of centuries behind them, re(juire five days or more to trans- 
verse lesser distances from American ports to those of Europe. A rela- 
tively small Ryan monoplane, powered with one Wright 220 H,P. Whirl- 
wind motor and piloted by Ca])tain Charles Li;idbergh, made the trip from 
New York to l^aris, a distance of 3,800 miles in 33 hours and 30 minutes on 

The airships Z12 and L30, built by the old Zeppelin organization, suc- 
cessfully rode through rejieated violent line squalls for an entire night, were 
during that time rejieatedly struck b}' lightning, and came hack to their 
home bases uninjured. The Zejqielin ''Dixmude” stayed aloft 118 hours, 
or nearly five days, to establish a world’s duration record for aircraft. The 
British-built R-34, constructed in the earlier days of the art in Great 
Britain, crossed the North Atlantic to this country and refurned without 
mishap. The comparatively small semi-rigid Italian ship, “Norge,” char- 
tered by the Amundsen polar expedition, and juloted by General Umberto 
Nobfie, flew from Sj)ilzbergen to the North Pole in 1926 and on across the 
top of the world to a jioint near Nome, Alaska. The accomplishment of 
Commander Byrd, and his jiilot, Bennett, of flying from King’s Bay, Spitz- * 
bergen to the North Pole and return with a three engine Fokker monoplane 
prior to the flight of the Norge was also an achievement worthy of record 
in aeronautic annals. Six American army fliers in American built Doug- 
lass biplanes have circled the globe on wings, flying over cities, mountains, 
glaciers, jungles, deserts, and oceans, returning again in safety, and another 
group, in Loening Amjihibian biplanes have just returned from a trip to 
South American countries during which thousands of miles were covered 
by air. 

The^army transport airjilanc “T-2,'’ piloted by Lieutenants J. A. Mac- 
ready and Oakley G. Kelly, of the U. S. y\ir Service, jiassed across the con- 
tinent in 35 hours without stoj), establishing a new American duration 
record for airjflanes, which stood until J^ert Acosta and Clarence Chamber- 
lin ke])t a Wright Jicllanca nionojilanc aloft for over 51 hours during the 
early part of This also was eijuijiped wdth a Wright motor. 

A tiny airplane, piloted by In’eutenant Russell L. Maughan of the U. S. 
Army, bullet-like has made its way fnun New York on the east to San 
Francisco on the west between the brief hours of dawn and darkness, and 
United States air mail planes regularly span that distance in what approxi- 
mates two days. This splendid service, ojierating day and night in what 
often seem to be impossible weather conditions, has been one of America's 
finest contributions to the science of flying and to the practicability- of 
commercial air transport. The best transcontinental trains, running on 
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schedule, require t-j^o days longer in the transfer of mails across the United 
States. 

Man has ascended in airplanes to altitudes of nearly seven miles above 
the earth’s surface. 

Brief History of Early Flights. — Since the start of recorded time man 
has envied the bird in its flight across the sky above him. Man watched 
smoke ascend from his fires into the cloudS|gLnd travel on the winds, later 
visioning in smoke a potential lifting force that challenged imagination and 
human ingenuity. Even the early philosophers and scientists dreamed of 
man flight and drawings have been handed down from remote antiquity 
* that show arrangements of flapping wings to be operated by the arms and 
legs of the aviator. Among the drawings of Leonardo DiVinci, the medie- 
val artist, engineer and soldier; several sketches of flying machines were 
found, one of which resembled the airplane in form, several incorporating 
wing flapping mechanism doubtless copied from birds, but history does not 
record that any of these devices were ever constructed or even tried. 

In the early years of the eighteenth century experimenters who stalked 
the first principles of aeronautics were increasingly numerous, though even 
before that period all manner of daring mechanical devices and flying gear 
had been constructed in the hope of finding a means of locomotion for man 
through the ai|;. It remained for the Montgolfier brothers to complete the 
first practical balloon design in June, 1783. Their 3S-foot paper bag inflated 
with hot air and smoke from burning damp straw, sailed away from the 
little French village of Annonay. • 

The Academy of Science in Paris, on learning of the unusual event, sum- 
moned the Montgolfiers to repeat the demonstration in the capital. While 
'the brothers were fashioning their second balloon, a Paris physician named 
Charles, assisted by the Roberts brothers, instrument makers, constructed 
a silk balloon of ap])roxiniately L^JOO cubic feet capacity, and sent it aloft 
inflated with hydrogen gas in August, 1783. A month later, when the elder 
Montgolfier arrived in Paris and learned of the ascension of the Charles 
balloon, he decided to surpass his competitors by placing a sheep, a rooster 
and a duck as passengers aboard his balloon. This flight from the court- 
yard at Versailles Avas successful, the unusual cargo landing safely. Then 
a young gallant of that day named Dc Rozicr decided to be the first man in 
the world to make a balloon flight, and in spite of the opposition #f King 
Louis XVI, he sailed over Paris in November, 1783, in a balloon of Mont- 
golfier construction while hundreds of Parisians applauded. 

First Channel Crossing By Balloon,— Benjamin Franklin was one of the 
witnesses of these earliest flights. Two years later, Blanchard, a French- 
man, and Dr. Jeffries, an American practicing in Fngland, made the first 
balloon flight over the English Channel, lca\ing Dover at one o’clock in 
the afternoon and landing safely in Calais three hours later. 

Balloons were used for military observation purposes during the French 
Revolution and in the American Civil War, and the Franco-Prussian V ar, 
and were utilized on a large scale in the World War. The essentials of 
free ballooning, including the gas-tight bag, the gas valve, the net and the 
basket which carried the pilots, were all dcveloi)ed in the 18th century. 

However, these balloons rode Avith the Avind, had no power to direct 
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their course. So men began to experiment with powgr-driven gas bags. 
In 1852 Henri Giffard, a French inventor, built the first power-driven bal- 
loon, a dirigible 145 feet in length deriving its motive power from a three- 
horsepower steam engine. Under favorable conditions this airship had a 
maximum speed of five miles an hour. 

Though the modern, long-range airship, of which the Montgolfier bal- 
loon and the GilTard airshi]) were i)rogenitors, was to wait for the gasoline 
engine and the marvelous light metal, duralumin, many experimental air- 
ships were built toward the end of the 19th century, the greatest success 
being achieved by Santos Dumont, a Brazilian residing in Paris, wdio built 
14 airships in six years, each more efficient than its predecessor, and with 
the last w'on a 100, fXX) franc prize for flying around the Eiffel Towner, ^ 

At about the same time an Austrian named Schwartz built the first all- 
metal airship, using a framework and outer covering of aluminum. His 
ship, however, w^as destroyed on its first landing. In the meantime Count 
Ferdinand Zej)pelin evolved the idea of the rigid airship which bears his 
name while a soldier in the Union army during the American Civil War, 
and in 1900 in Germany completed and flew his first craft. 

France. Italy and England began building airshi])s of the non-rigid and 
semi-rigid type. America’s first airship, a non-rigid tyi)e of 20,000 cubic 
feet capacity, was built in 1908 by the late Major Thomas §. Baldwin and 
was provided with a Curtiss motorcycle engine for power for the Army 
Signal Cor])s and used for training purj)oses. This same outfit, modified in 
severed important particulars, fitted with control elevalor and variable I'itch 
])ro])eller w'as experimented vvith by Stuart Rastow and the writer in 1909- 
10 at PaAvtucket, Rhode Island and a number of successful flights were 
made with the improved apparatus. In 1916 the United States Navy began 
to use small airshij)s for coast patrol, submarine spotting during the World 
War, and for training flying ])ersonncl. 

The modern airplane began to receive serious consideration only after 
numerous gliders had been built by Lilicndahl in Germany and Octave 
Chanute, a C'hicago architect, in this country. The early Avork of Dr. 
Samuel Langley and Charles Manly of the Smithsonian Institute, Wash- 
ington, D. C., early in the twentieth century Avas the pioneer work on self- 
])ro])elled heavier-than-air craft. 

Forte of Air in Motion. — Air in motion may exert considerable force. 
A gentle breeze creates very slight i)ressure, but a cyclone or hurricane, 
which means air travelling at a rate of from 75 to 100 miles per hour, can 
do considerable damage. Much destruction is caused by tornadoes due to 
the great pressure of air travelling at a high sj^ged, ami Avhich has sufficient 
A^clocity to uproot large trees and tear buildings apart. Winds are caused 
by the conflict between rising air currents due to the lesser weight of 
heated air which rises from the earth's surface and the down currents of 
cold and therefore heavier air Avhich rushes doAvn to take its place. The 
])hysical contour of the earth and variations of temperature as well as 
seasons of the year all have their influence on air moA^ements termed Avinds. 
For example, the hot summer sun beating down on a sandy plain Avill satur- 
ate the earth Avith warmth and ascending air currents will move at greater 
velocity than Avill air currents ascending from a forest. An aircraft, passing 
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from the hot, rapi^lly ascending air current to the slower moving, cooler 
air from the forest will lose lift and may drop appreciably in the cooler air 
column. 

Structure of the Atmosphere. — ^The Director of the Blue Hill Observa- 
tory, Harvard University; Alexander McAdie, who is an authority on the 
structure of the air gives some interesting facts about the atmosphere. He 
says : — 

'*Air is a mechanical mixture, not a chemical compound. Four-fifths of 
the air is Nitrogen and other fifth mostly Oxygen. But there are two addi- 
tional quantities, independent variables, water vapor and dust, both im- 
' portant as affecting aviation. In fact, it is water vapor that is responsible 
for most of a flyer’s troubles. Fog, poor visibility, snowstorms, thunder- 
storms, are all manifestations of change of form of Avater. If there be 
extreme dryness, parts of the machine are warped ; if too damp, there are 
bad effects. The plane or airship may get an ice coating and the load 
be so great that there is a forced landing. 

'"Contrary to expectation and to some degree contradicting fundamental 
equations in physics, the atmosphere is not homogenous. Pressure, tem- 
perature and even density do not decrease as we go up, at a fixed and uni- 
form rate. We cannot regard the atmosphere as a single layer. Tidal 
equations canQot be applied. The atmosphere is actually a series of air- 
spheres ; and these are not exactly concentric shells. Not only do we find 
stratification or layers ; but even striation.’* 

The Stratosphere. — We know tAvo distinct shells — the lower or tropo- 
sphere, a region of turning, also of convection about ten kilometers or six 
miles thick in our latitudes. This is the layer in which weather occurs. 
^ An upper shell is the stratosphere, or so-called isothermal region in which 
temperature docs not continue to fall Avith increase in altitude. Half a 
dozen fliers have half reached the stratosphere or have gone a slight diS- 
tance into it. 

Macready of the U. S. Air Corps reached the height of 11,454 meters or 
37,569 feet in March, and Calizzo, a European flier holds the present 
height record of 12,066 meters or 39,576 feet, approximately. 

Both of these pilots have gone beyond the limit of cloud formation. In 
others words, they ])asse(l through and beyond the region in which Aveather 
occurs. It is bitterly cold up there but there are no changes. • 

The Troposphere. — The lower airsphere, the troposphere, bulges up at 
the equator and contracts at the poles. If Commander Byrd could have 
stopped long enough Avhen he Avas at the North Pole to make an altitude 
record, he would have j^assed through the troposj)here at 4,000 meters and 
into the stratosphere. On the other hand, at the equator he would have 
to go up 17,000 meters to get into the isothermal layer. 

A pilot can get pressure and temperature by direct reading but there 
is no instrument to tell him the density of the air. It hai)peiis that at 8,000 
meters the density is practically constant over all the globe. Above this 
height, air is denser over the c<juator than over the poles. In fact, density 
appears to be a function of pressure and temperature in low levels but not 
in hi’gh levels. Hence two Avords liaA^e been introduced into the language — 
barosphere and thermosphere — one to represent the region where pressure 
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controls, and the other for the region where density i%a function of tem- 
perature. 

Ascensional Power of Warm Air. — ^The ascensional power ot warm air 
was well known to the ancients, and the first craft to na-^igate, or rather 
be supported in the air, were very large globular or pear-shaped bags of 
paper or parchment filled with hot air and smoke from a fire burning 
beneath the o])ening in the bottom of the bag. A cork or piece of wood 
floats on water because it is lighter than the supporting medium, a stone 
sinks because it is heavier than water. A bag filled with hot air, smoke and 
gases, resulting from combustion, is lighter than the surrounding cold air 
it displaces and will rise because it is of lesser weight than an equal volume 



Fig. 1. — Typical Non-Rigid Types of Dirigible Balloons. A — U. S. Army Til Being 
Landed by a Ground Crew. B— U. S. Army T 5 in Flight. 

of the supporting medium. Its action is not comparable to an object float- 
ing on the surface of the water, hoAvever, with only a portion of its area 
submerged but rather like that of an object floating submerged and en- 
tirely supported by the surrounding fluid. The first airships were of the 
lighter-than-air type and were called balloons. This type is made in three 
forms, aerostats or spherical l)aIIoons free to rise in the air and blown 
hither and. yon at will of the elements, anchored gas bags of special 
form known as “kite"’ balloons, and dirigible balloons, which' are 
driven by power and which may be steered by special directional mem- 
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bars or rudders. The free balloon is of little value except for exhibition 
and instruction purposes. The kite balloon, however, which is held cap- 
tive is a ^plendii^d type for military observation purposes. 

Lifting Power of Hydrogen "Gas. — Practical balloons are made up of 
various textile fabrics, such as silk or linen, which are very closely woven 
and which are impregnated with rubber compound to lessen the porosity in 
order that they may retain gas. This cloth is cut into strips of the proper 
size and shape which are sewed together to form the envelope or gas bag. 
The seams ‘are covered with strips of rubberized tape to insure a gas- 
retaining joint. The bag is usually filled with hydrogen gas, the lightest 
known element. One cubic foot of this gas is capable of lifting one ounce 
weight, therefore a bag with a cajiacity of 32,000 cubic feet would be able 
to lift one ton or 2,000 pounds, this weight including the gas, bag and 
basket and objects raised from the ground. , Some free balloons are inflated 



with coal gas, which is cheaper than hydrogen and dirigible airships used 
by the government use helium gas, Avhich has about nine-teiilhs of the lift- 
ing power of hydrogen and which has the big advantage of being non- 
inflammable. A more extended description of this gas will be ^iven in 
proper sequence. The kite lialloons are shaped like a big sausage'instead 
of a pear or globe and arc allowed to rise to the desired height by unwind- 
ing a cable from a power-driven winch. 

Types of Dirigibles. — Dirigibles are made in three types called non- 
rigid, semi-rigid, and rigid. The former class includes a streamlined- 
shaped bag carrying a basket or body member sus])t tided from the bag by 
a series of slings, these being attached either to a netting or to special 
fabric anchorage ])ieces sewed to the bag. The bag holds its shape be- 
cause it is distended by the internal gas pressure. The semi-rigid type has 
a triangular keel member along the underside of the gas bag to which the 
power cars and control cabin are attached. The rigid ty]^e, of which the 
well.-known Zeppelin airship is an example, has a metallic framework that 
divides the main gas container into sections, the only function of the gas 
bags being to hold the gas. The framework shapes the bag and permits 
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of easy attachment of the ^^jrondolas’’ or cars carrying the power plants 
close to the bodv of the ship. A gfood example of a rigid dirigible is the 
^‘Los Angeles” ’shown at top of Fig. 3. The semi-rigid “Norge” is 
shown below the “Ff)S Angeles and is the airship in which General Nobile, 
its designer an<.l Messrs. Aniiimlsen and J^^llsAvorth flew over the North 
Pole. The non-rigid Goodyear “Pony Blimp” is a good example of that 
form of construction. The non-rigid is limited in size because of structural 
considerations as is the semi-rigid, but the latter can be made much larger 
than the former. The rigid tyiie is the only practical one for large capacity 
dirigibles. These types will be considered more in detail in proper se- 
quence. 

Heavier-Than-Air Machines.— lleavier-than-air machines may be di- 
vided into three types : air])lancs, helico])ters and ornithopters. The first 
named is made in three difrerent patterns designated by the number of sup- 
porting surfaces or wings it has. A mono])lane has one wing; a biplane, 
two; and a tri]>lane, three, fhe helico])ter is a machine that depends on 
lifting screws for siistentation and jiropellers for securing movement in a 
horizontal plane. The ornithopter is a tv])e devised to imitate bird flight 
and sustentation is su])posed to be derived l)y the flapping of wings. 
Neither of the two latter forms is practical or seems to have any future. 

The airplane in its sim])lest or monoplane form consists of a body to 
carry the i)ilot, jiower plant and controlling members, sup])orted by wings, 
one at each side of the body, ddie engine turns an aerial propeller which 
])ulls*the machine through the air because the air pressure under the wing 
and the suction effect on top of the wing exerts a lift greater than the 
weight of the machine if it is drawn through the air with sufficient speed. 
The air])lane in its various forms will also be discussed in succeeding 
Chapters. The airi)lane is the most practical ty])e of machine to navigate 
the air and thousands are in daily use. Its ])rinciple of operation is easily 
understood. If wind moving at high velocity exerts pressure, drawing an 
object through the air at high speed will produce pressure against it. If 
this is a plane section, such as a kite, it will rise 1)ecause of the wind be- 
neath it. Airj)lane wings may be compared roughly to a kite, the propeller 
thrust or tractor screw jnill can be likened to the tension of the kite string 
Avhen one runs along the ground to raise the kite. Modern airplane wings, 
however, ha\ e such form that their efficiency is much higher than that of 
])lanc surfaces because the camber gives better aerodynamic properties and 
greater lift for a given area. 

Why the Airplane Is Used in Large Numbers. — One can hardly. con- 
ceive of a man e\en of enormous wealth, wdio wamld maintain an ocean 
liner for personal gratification or as a means of obtaining pleasure. It is 
evident that amusement and recreation could be secured at much less ex- 
pense by the use of smaller and no less practical craft. This is really the 
condition that obtains in the field of aeronautics, and before the problem of 
aerial navigation can be said to have been solved it will be necessary to 
produce practical creations which wdll be light, speedy and mechanically 
reliable. One must look to the heavier-than-air class to find flying. ma- 
chines wdiich give j)romise of becoming sufficiently practical so as to be 
within the reach of the average individual i)rospective user. The prin- 
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ciples underlying ithe construction of lighter-than-air craft are such that 
extremely large sized balloons must be built, because the small lifting 
power obtained by the use of the gases lighter than air is wholly dispro- 
portionate to the large dimensions of the gas container, and their use will 
be limited to government military and naval services and to trans-oceanic 
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tfansportation companies of large capitalization. The^airship is a long 
range vehicle as tliey can stay in the air for thousands of miles travel and 
the airplane is the best for short range transport because its flying radius 
is limited by the^fuel supply it can carry, unless pay load is greatly sacri- 
ficed. 

The most practical machine, the airplane, depends upon the correct 
application of aerodynamical principles. Yet, while flying machines in a 
large sense may be said to include all devices that have contributed to assist 
man to fly, besides the use of the gas bag, the only form that has attained 
success is the airplane. This machine is capable of movement in any direc- 
tion, as in a vertical or horizontal plane or any angular component of the 
two, by the aid of simply controlled members which are easily installed on 
the machine itself and actuated by the pilot. 

There are three classes of flying machines. Those that seek to sustain 
themselves as birds do, by flapping wings, are known as ornithopters. 
Other types have been built in which a lifting action is secured by aerial 
screws, but few of these have been devised that have produced results 
sufficiently great to w^arrant further expensive or extensive development 
of this type. The third class includes the airplane and is the most prac- 
tical. There are two main retarding forces to be overcome in securing suc- 
cessful mechanical flight, those having to do wn’th gravity and others that 
are due to wdnd or air resistance. 

Attraction of Gravity. — We will first concern ourselves with the attrac- 
tion of gravity. Every mass of matter that is near the earth, if free to move, 
pursues a straight line toward the center of the earth, and the force by 
which this motion is produced is called gravity. At the same distance from 
the center of the earth the gravity of different objects varies as the mass. 
If ^a body is not free to move, its tendency to go toward the earth’s center 
causes pressure, and the measurement of this pressure is called the weight 
of the body. Weight is usually employed as a measure of mass. The more 
the pressure of a body is towards the earth^s center, the greater its weight. 
The body that is said to be the lightest is one that has the least gravity 
attraction. The attraction of gravity varies directly as the mass, the 
greater the mass the greater the force acting to bring it towards the earth’s 
center; the nearer the earth’s center the less the attraction. 

A boSy 2,000 miles under the earth’s surface would be attracted with 
only half the force that would obtain w^ere it at the surface. It is at the 
surface of the earth that this force is greatest and at great heights it is 
less. For example, 4,000 miles above the earth’s surface gravity is one fourth 
as much as it is at the earth’s surface. At heights at which it is pos- 
sible to carry on experiments the variation is very slight and may be re- 
garded as negligible. It will be evident that one of the most important 
forces to be overcome in flying machines is the attraction of gravity, and 
considerable power will have to be utilized for this purpose alone. 

Elementary Airplane Principles. — In order to secure a good under- 
standing of airplane operating principles it may be well to mention that 
air planes of the biplane form of the present day are really developments 
of the box kite, and that comparisons can be made with well-known appli- 
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ance$> such as thCj^pails of boats, to make clear spme of the principles upon 
which airplane flight is based. For simplicity of presentation we can con- 
sider the boat sail as an example to show the propelling force of the atmos- 
phere in motion which, as previously outlined is termed wind. Any object 
which can be tensed or tightly drawn so that the wind will exert pressure 
upon its broadest area will create power in proportion to the velocity of 
the wind, the area exposed to the air pressure and the angle of attack of 
the wind. This, of course, means that the object or plane must be at 
approximately right angles to the relath^e wind to receive its full force 
which is not true of the lifting surface of an airplane, which is inclined in 
most airplanes at angles ranging from 2 to seldom more than 20 degrees as 



Fig. 4. — Diagrams Comparing Action of Wind on Kite and Air Pressure under Air- 
plane Wings. 

a maximum with the relative wind. Perhaps the most familiar illustration 
of wind power is the wind-mill, and the toy pin wheel is a device by which 
any child is capable of unconsciously observing that air in motion will 
create power or do work. All children wdio have flowm kites know that 
the wind Avill lift a plane surface and those w^ho have lost their toy balloons 
h?ive become familiar with aerostatic principles early in life. Model air- 
planes propelled by rubber bands have also served to educate modern youth 
on elementary airplane principles. 

Kite Supported by Air in Motion. — With the kite attached to the ground 
by a string and depending upon the velocity of the wdnd under its surface 
to elevate it, and a balancing device in the form of a tail to maintain steadi- 
ness, as shown at Fig. 4 A, w^e have one example of the use of air ])ressure 
to sustain weight. In the boat sail, which is capable of overcoming the 
resistance of the w ater on the hull by using the wind as a propulsive force, 
we have another example of how the wdnd may be made to do w'ork, while 
in the airplane we have to a certain extent the principle of a box kite as 
far as its capacity for sustaining weight is concerned by air pressure. 
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, Instead of being dependent upon the velocity of the wyid as a kite is, an 
airplane is driven against the air by means of one or more aerial screws 
which are revolved by suitable prime movers, usually an internal combus- 
tion engine as shown in Fig. 4 B. This propulsive force is utilized for a 
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Plate 1.— Types of Early Airplanes. A — Monoplane. B — Biplane. C — Triplane. 
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twofold purpose. Jn the first place, to permit the direction of motion of 
the airplane to be independent of the wind direction and also to retain a 
sustaining force under the planes regardless of the direction of atmospheric 
flow. 

It will be apparent upon reflection that if the kite is considered a re- 
versed boat sail and then when again reversed an instance or illustration 


Rohrbach All-Metal Monoplane 7' Po\Ner Plants 

Flvinq Boat / Ca nfi ley er Mono ofane 



^'-Central Hull 


Inverted L\heri\f 
Encjine^ 


Three-Blade 

TracforScrew 



Loening Amphibian 
Biplane 


^'^Refracfible Wheels for 
hnchnc^ on Fields 



Plate 2. — Unusual Modern Aircraft Designs. A — The Rohrbach All-Metal Monoplane 
Twin-Engine Boat-Seaplane. B — The Loening Amphibian Biplane. C^Boeing P.B.I. 
Navy Flying Boat-Seaplane with Tandem Engines. 
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of the airplane supporting surface, it will be evident thaj in the three there 
is but one principle, though it is differently applied. In the same manner 
in which varying power may be secured by altering the pressure of the at- 
mosphere on the sail of the vessel by changing its position, it will be seen 
that by varying the angle of the plane in the air that it is possible to vary 
the degree of sustaining effort. It is apparent that airplanes must be pro- 
portioned with a view of having minimum resistance to the wind, and it 
must reach this result without sacrifice of lifting effect or sustaining power. 
Wind tunnel experiments have brought out in an unmistakable manner 
the retarding influence of air resistance and in modern aircraft designs, 
especially in types designed to fly with small power or those intended for 
high speeds, the factor of air resistance and its reduction is carefully 
studied. There is a mass of technical data available to the student, and in 
a general treatise of this character all one can do is to outline a few of the 
elementary principles to give a basis for further research if the student 
desires to delve into the subject more deeply. 

Air Resistance. — The factor of air resistance is a very important one 
which must be given careful consideration by the designer of aerial craft. 
It is of considerably greater moment than one V'Otild assume on first 
thought. The sha])e of the object being forced through the air (or, in fact, 
any other gas or fluid) will have material bearing upon ^the resistance 
offered to its passage. A ‘'streamline^’ body has the least resistance. 

Air resistance has been estimated to increase as the square of the 
velocity, so it will be seen that at ten miles per hour atmospheric resistance 
is four times what it was at five miles per hour; at 50 miles ])er hour, which 
is ten times the speed of five miles, the air resistance will be a hundred 
times as great. It has been found that air currents moving at the rate of 
60 miles per hour have a pressure of a])proximately 17.7 pounds to the 
sefuare foot, and from this basis the Indication of almost any speed may be 
determined with reasonable accuracy. As an example of the ratio of in- 
crease of resistance with augmenting velocity, the following table, which 
gives the effort required in the horsepower to move a body through the 
air for each square foot of surface exposed at right angles to the relative 
wind, will prove of interest. In this case it is well to know that the horse- 
power required increases as the cube of the velocity, whereas air resistance 
augments as the square oE the velocity. 


TABLE T 


Miles per Hoty: 

Feet per Second 

H.P. per Sq. Ft. , 

10 

14.7 

0.013 

15 

22 

0.044 

20 

24.6 

0.105 

25 

36.7 

0.205 

30 

44 

0.354 

40 

58.7 

0.84 

50 

73.3 

1.64 

60 

87.9 

2.83 

80 

117.3 

6.72 

100 

146.6 

i 13.12 
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Resistance of Aerofoil Sections^ — ^The resistance of plane or aerofoil 
sections is not neaHy as great as that of spherical, cylindrical or rectangu- 
lar bodies. To begin with, the planes are usually inclined at small angles 
to the relative wind, and seldom at an angle of more than 16 degrees, be- 
cause in the ordinary aerofoil when this point is reached the lift becomes 
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Plate 3. — Modern Heavier-than-Aircraft Designs. A — Ford-Stout Tri-Motor All- 
Metal Monoplane. B— Curtiss-Army One Motored Racing Biplane. C— Lepere- 
Army Twin Motored Bombing Triplane. 
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Plate 4. — How Monoplanes Differ in Design. A — Dornicr Passenger Carrying Cabin 
Plane with Semi-Cantilever Aerofoil at Top of the Fuselage. B — Junkers Passen- 
ger Carrying Cabin Plane with All-Metal Cantilever Aerofoil at Bottom of Fuselage. 
C — Supermarine-Napier S 4 Racing Seaplane with Cantilever Aerofoil at Middle of 
Fuselage. D— -Ford One-Place Experimental Sport Plane with Cantilever Monoplane 

at Bottom of Fuselage. 


The amount of i)ower rc(juire(.l depends many factors, and as a gen- 

eral rule the greater the surface of the airplane for a j:^iven weight the less 
the speed that is necessary to drive it through the air to secure sustenta- 
tion and the less the amount of ])ower required to lift it from the ground. 
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The smaller the wijig area, or the more the value of the wing loading factor 
is increased, the greater the motor power necessary to secure flight. Air- 
l)lane design, the same as that of any other mechanical contrivance, is a 
series of compromises and the final form can only be derived at by a care- 
ful consideration of the many differing factors on which design is based. 

How Airplanes Differ. — For this reason airplanes designed to carry 
heavy loads usually have a large surface, moderate power and relatively 
slow speed. High-speed airplanes have small surface and high-capacity 
power plants. Airplanes are made in three main types — the monoplane 
as shown at Plate 1 A, the biplane outlined at B, and the triplane as de- 



Fig. 6. — Modern Airplanes of Differing Design. A. — The Travel Air Cabin Monoplane. 

B. — The Curtiss Hawk Pursuit Biplane. 

])iclod ac C. Tf the machine has the air screw mounted in front, it is called 
a tractor; if the power ]dant and screw are mounted in the rear of the pilot 
as at B, it is called a pusher. IVIachlnes intended to rise from and alight on 
water are called ‘‘seai)1anes’’ or "^flying boats” to replace the clumsy term 
''hydroaero])lane” formerly used. The term ‘'hydroplane” applies to 
strictly water craft without wings which vskim the surface at high speeds 
but which do not actually leaye the water as the rear part of the hull is 
immersed regardless of the speed. When the i)lane is provided with a 
central hull as in the Rohrbach monoplane and Boeing P B 1 seaplane 
shown on Plate 2 it is known as a “flying boat” though the generic term 
“seaplane” also apyflies. Types developed to alight on either water or 
landi such as the Loening are known as “amphibians.” The pusher bi- 
plane showm at Plate 1 B is provided Avith floats instead of wheels. The 
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appearance of a fast one-place scouting or fighting pls|jie ia shown at A, 
Fig. 7. The conventional two-seater used in this country for training pur- 
poses is shown at B. Tlie fast planes are capable of a speed in excess of 
250 miles per hour, the latter will not fly faster than 120 miles per hour. 
There has been a marked improvement in general airplane design as can 
be seen by comparing the modern types depicted on Plate 3 and Fig. 6 
with those shown on Plate 1 and Fig. 7. The Ford-Stout three motored 
passenger carrying monoplane has a high lift wing and is made entirely of 
metal. The Curtiss-Army racing biplane has developed speeds in excess 
of 250 miles per hour and shows how carefully streamlining is carried out 
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on modern designs. The Lepere-Army bombing triplane is a relatively 
modern fexample .pf large capacity, but moderate speed, multiplane struc- 
ture for special duty. 

Monoplane Development. — One of the most marked developments of 
the period following the World War is a growing appreciation of the merits 
of the monoplane construction and great improvements made in high lift 
cantilever wings have greatly ?iugmented the strength and aerodynamic 
properties of single aerofoil airplanes. While this matter will be discussed 
more completely in a later chapter, a number of tyi)ical monoplanes of late 
design are illustrated on Plate 4. It will be observed that there is some 
. difference of opinion among designers relative to wing placing. In the 
Dortiier, the aerofoil is attached to the fuselage top and bracing members, 
extending from the bottom of the fuselage to the wing spars at a point 
about one-third of their length from the point of attachment of the aerofoils 
and main body, are depended on to take part of the flying and landing loads, 
i.e., these bracing members are subject to both tension and compression. 
The Dornler aerofoil is of approximately uniform cross-section its entire 
length. 

In the Junkers monoplane passenger carrier shown below the Dornier 
it will be seen that the cross-section of the aerofoil varies, being thicker at 
the point of attachment to the fuselage, and becoming thinner towards the 
tips. The spars, in this construction arc cantilever beams and are sup- 
ported only at their roots or base. No external bracing is needed and 
para.sitic resistance is reduced. The wing structure in the Junkers is 
carried below the fuselage. In the Supermarine-Napier S4 racing seaplane, 
the aerofoils are of the cantilever type and are attached to a part of the 
.fuselage approximately on the horizontal center line or line of thrust. The 
aerofoil of the Ford one place sport plane, which is a relatively small ma- 
chine powered by a three-cylindei' air-cooled engine of about 30 H.P. k 
also of the cantilever spar types and is placed at the bottom of the fuselage. 

There is still another method of monoplane aerofoil attachment where 
the wing is carried on a strut or ^'cabanc'’ structure well above the fuselage, 
this being known as a ‘'parasob' monoplane. As will be evident, the wide 
divergence in monoplane placing shows that considcra1)le experimental 
work is being done to improve the general design. The elimination of 
struts and bracing wires makes for good streamline forms and ma^ied re- 
duction in parasitic resistance. The monoi)lane ty])e, at this, writing is 
responsible for the World’s Sca])lane Sj)eed Record, the endurance record 
of 51 hours and 31 minutes sustained flight without alighting and is the first 
airplane to make a non-stop flight betAveen New York City and Paris in a 
little over 33 hours for the distance of 3,800 miles. The nKUioplane type is 
also the first air]flane to fly over the North Pole. The Fokker tri-motored 
plane piloted by Lieutenant Commander ILrd, U. S. N. made the polar 
flight and has also crossed tlic Atlantic Ocean from N'ew York to the C oast 
of France with P>yrd as Commander and (’a])tain Jkn tram Acosta as pilot. 
A Rellanca mono])lane, piloted by P.ert Acosta and Clarence Cdiamber- 
lain holds the endurance record and the New York-Paris flight, an epochal 
accom])lishmcnt, was made by a Ryan monoplane piloted by Captain 
Charles Lindbergh of St. Louis on May 2()lh and 21st, 1927. 
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The airplane which Cnplain Charles In’iidhertrh used in his fainons New 
York-Paris flight is a ])rodnct of Ryan Airlines. Jnc.. and follows in general 
design the Ryan ]\I-1 monoplane which has keen used successfully in com- 
mercial service and air mail work on the Ikicific coast. The NYP model 
which Captain J.indhergh flew has a span of 46 feet (10 feet greater than the 


The Ryan Monoplane Type NYP Flown across Atlantic by Captain Charles Lindbergh. 
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M-1) and a chord of 7 feet giving a total wing area of 319 square feet. The 
Clark Y aerofoil section is used as on the standard model. The engine is a 
Wright J-S-C which produces 223 b.hp. at 1,800 r.p.m. A duralumin pro- 
peller set at I634 degree pitch and made by the Standard Steel Propeller 
Co., is employed. The engine is air-cooled. The empty weight of the 
plane equipped with all instruments is 2,150 pounds as compared with about 
1,100 for the M-1 model. The useful load totals 2,985 pounds and is made 
up approximately of 2,600 pounds fuel ; 175 pounds oil ; 170 pounds for pilot 
and 40 pounds miscellaneous. Thus the gross load at the start of the flight 
when fully loaded with gasoline was about 5,130 pounds while at the finish 
, with all fuel used but with 10 gallons of oil left the total weight would be 
2,41*5 pounds. The wing loading at the start of the flight was 16.1 per 
squaVc foot: and the power loading 23.0 per b.hp. At the end of the flight 
with all fuel exhausted these factors would be 7.57 pounds per square foot 
and 10.8 pounds per b.hp. Calculated performances for the plane under 
full load are: Maximum speed 120 m.p.h., minimum 71 m.p.h., economic 
speed 97 m.p.h. at 1,670 r.p.m. Similar performances with fuel load ex- 
hausted are: 124.5 m.p.h., 49 m.p.h., and 67 m.p.h. at 1,080 r.p.m. 

Under full load and at the economic speed with full rich mixture 6.95 
miles per gallon are obtainable while 13.9 m.p.g. are possible with light 
load and lean mixture. At the ideal speeds of 97 m.p.h. at the start of the 
flight diminishmg to 67 m.p.h. at the finish the maximum range of the ship 
is 4,100 miles while under practical flying conditions of 95 m.p.h. starting 
and 75 m.p.h. finishing sj'iccds the range becomes 4,040 miles. In perform- 
ance tests made on the NYP plane 129 m.p.h. was made over a measured 3- 
kilometer course with the plane carrying 25 gallons of gas and 5 gallons 
,of oil. This is approximately equivalent to 124 miles per hour with full 
load of 425 gallons of gas and 25 gallons of oil. Distance of take off ranged 
from 229 feet with plane loaded to 2,600 pounds gross weight against a 
7 m.p.h. head wind to 1,023 feet with load of 4,200 pounds against no head 
wind. Lindbergh is credited by the Geological Survey with having covered 
3,610 miles on his non-stop flight across the Atlantic. On this basis he 
broke the non-stop distance record made last October by the French avi- 
ators, Rignot and Costes, who flew 3,313 miles from Paris to Persia. His 
time for the flight was 33j^^ hours and his average speed therefore was 
about 108 m.p.h. ^ 

Flying Not Inherently Dangerous. — Figures published by the Curtiss 
Flying Service, Inc., show that in flying 175,000 miles during 1925, carrying 
4,000 passengers and training 60 student pilots, no one was injured and can 
be taken as indicating that ordinary flying, as distinct from “stunt” flying, 
when done by properly trained personnel in good, periodically inspected air- 
planes, need not be dangerous or compare unfavorably with other and older 
methods of transportation. Almost anyone of normal build and intelli- 
gence can learn to fly and the old idea that a pilot must be a super-man 
or hero must be relegated to that limbo where all of mankind’s fallacious 
beliefs lie buried. Of course, a pilot who flies professionally can be com- 
pared to a railroad engineer, he must be specially trained. Of the thou- 
sands of amateurs who can be trusted to navigate small boats and yachts. 
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very few could be entrusted with the navigation of a liner. It will be the 
same in flying, there will be professional pilots, flying^o earn their daily 
l)read and amatcMir pilots, flying for pleasure. Those with special aptitude 
will become professionals, the majority will correspond to the average 
motorist or boatman, and will pilot small planes capable of carrying two 
or three ])eo])1c used for individual business or pleasure. 

• Good Pilots Essential. — If commercial flying is to be made an estab- 
lished industry the public must become ‘'air-wise” just as it is now “motor- 
wise.^’ Good pilots, capable of assuming responsibility com])arable to that 
of a railroad engineer but having a superior technique because of the greater 
skill required in piloting and navigating aircraft will be needed in increas- 
ing numbers as aircraft increase in numbers and commercial applications. 
Commenting editorially on this subject, “Aviation"’ says: — 

“There is one place where the new air lines caniiot afford to economize 
and that is in rcs])cct to their pilots. As demonstrated by the Air Mail, a 
good pilot can ‘get through’ with an obsolete type of plane w'here a poor 
pilot would crash even the best of equi])ment. Good modern equipment is 
essential if an air line is to i)ay dividends but good pilots are more essential 
than anything else for all operations. 

“The qualities which make a man successful in other occupations are 
more familiar and more obvious than those which make a successful pilot. 
A good pilot is as rare as a good business man and is just* as valuable to 
the coni]»any for which he works. Some men have an extraordinary apti- 
tude^for flying, while others have ac([uired the ability to meet emcrgciicies 
through long experience. Some men, though not extraordinary fliers, have 
an ability to ‘get away with it’ in case of an emergency. There are no tests 
that can show a i)ilot’s working ability; his performance is the only thing, 
which counts. The very best is none too good for the air lines. Mainte- 
rmnee of schedule is of vital importance and the ])ilot who can fly through 
thick weather or land his ])lane under circumstances where a ])oor pilot 
will crash will earn many times the extra salary which must be paid him. 

“Concentrated attention has been focused on the develo]nnent of air 
transjK^rtation such as exists in luiropc, and ])rogress in this direction is 
most important and valuable and has received the consideration of many 
of the ablest men in the industry. In the meantime, however, a very sig- 
nificantiform of commercial flying has been developed in this country Avhich 
has practically been ignored by many of those who have earnestly set them- 
selves to the task of helping to create civilian aeronautics in the United 
States. 

“While it appears reasonable to i)redicl in commercial aeronaulwes a 
vast amount of air transi)ortation, the im]')ortancc of the extensive aerial 
service flying which has already ])een done, cannot be overlooked. In the 
planning of airports, in the legislation concerning flying and in the correla- 
tion between civilian and military flying, great C('>nsideration should be 
given to aerial service. If the men guiding the development of aviation 
ignore the aerial service flier they are ignoring one of the most vital phases 
of their work."" 

Possibilities of Aviation. — While at the present time, racing planes have 
shown speeds in excess of 250 miles per hour this has been done by the 
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sacrifice of many gf the factors that will make commercial flying practical. 
It has been stated that we can look forward to airplane speeds of about 
300 miles per hour with planes adapted to commercial work but such 
speeds will only be secured b}'' flying in rarefied air at extremely high alti- 
tudes of from 30,000 to 60,000 feet or in the regions of no weather known 
as the stratosphere. This will call for special planes, propellers and power 
plants as well as having reliable means of making it possible for the pdfis- 
sengers and pilots to breathe normally in the highly rarefied air. At this 
time, because normal flying has not been given prominence in the daily 
press and only accidents are considered as news, one can understand why 
the general public believes that flying is not only dangerous but also why 
relatively small use is made of flying outside of the Government services. 
Figures compiled by '^Aviation'* show that over 9,000,000 miles were flown 
by civilian pilots during 1925 and that this had been done without subsidy 
or government assistance of any kind. That aviation will become a factor 
in modern trans]:)ortation and that much matter that is now carried by train 
or boat will go by air in the future is apparent to any one who can under- 
stand the great improvements that have been made in airplane construc- 
tion, not only in the plane structure but in the power ]dants which are light, 
enduring and reliable in their latest forms. The subject of commercial avi- 
ation is so important that the writer has devoted a special chapter to this 
important phase of our flying activities. In a few years, transportation by 
air will be commonplace. Jf a person desires to get to his destination 
as quickly as possible, train or automobile travel will be too slow in the 
near future and only air transj^ort will ])rovidc the required speedy voyage. 

More than 23, 000, OCX) miles were flown by civil and commercial air- 
planes in the United States during 1926, according to William P. Mac- 
Cracken, Jr , Assistant Secretary of Commerce for aeronautics. In addition 
to this mileage on hcavicr-than-air craft, it is estimated that a total *of 
37,500 miles were flown by lightcr-than-air craft during the year. Reports 
from scheduled air transport operators and operators engaged in sight- 
seeing, exhibition, advertising, photography, crop dusting and other 
branches of aerial work indicated that about 23,310,355 miles were travelled 
by 1,536 planes if an average speed of eighty miles an hour was used as a 
basis of comparison, Mr. MacCracken stated. 

If the army, navy and Coast (uiard flying time were tf) be addetl to this 
figure the total American air mileage for heavier-! lian-air craft would be 
48,586,492 miles, he said, hdying over eighteen regular airways, 194 planes 
maintained a scheduled mileage of 4,474,772 miles last year. Reports from 
all a*ir operators indicate that 94,353 jiassengers were carried on planes free 
of charge. The number of paying passengeis totaled 676,567. The total 
number of hours flown reported was 234,313 and pay freight carried 
amounted to 418,986 pounds. Reports to the Pcjiartment of Commerce in- 
dicate that 4,466 students received training in aviation during the year. 

Aviation and Insurance. — It has recently been announced in the press 
that the Traveler’s Insurance Company, one of the largest institutions of 
its kind in the world, has made dra.stic revisions in its rules with regard to 
writing accident policies covering flying hazard. A thorough study made 
by experts employed by this company has established to the satisfaction of 



26 


MODERN AIRCRAFT 


the heads of the concern that the hazards of licensed ccyninercial aviation 
are little, if any, j^reater than those which beset pedestrians or the occu- 
pants of automobiles. Basinj^ its action on these recent surveys, the com- 
pany announced that effective December 1st, 1926, the basic insurance will 
be paid witliout additional premium cost on ai)proximately 80 per cent of 
the company’s accident policies for any loss caused by any htlzard of avia- 
tion while the insured person is ridinji^ as a passenger in a licensed airplane 
or dirigible balloon, oi)erated by a licensed pilot, upon a regular passenger 
route between definitely established airports. 

It is believed this action is to be the forerunner of many important 
changes in aviation insurance. The active participation of the Department 
of Commerce in commercial aviation, the system of licensing, inspection, 
and rules and regulations which arc bound to follow, will make it easy for 
an insurance company to distin<;uish between Hying with a licensed pilot 
in a safe, reliable, licensed air])lane; and Hying with an incom])etent pilot, 
or in an obsolete, unins]K‘cted, or otherwise dangerous machine. Surely 
the accident statistics Avill (piickly demonstrate that ])roperly regulated Hy- 
ing is decidedly safer than riding in an automobile over any well used 
highway where traffic is ])ractically continuous such as the Boston Post 
Road in New England, the Albany Post Road in New York or the Dixie 
Highway in the South. ^ 

Standard Definitions, — The following definitions are taken from Re- 
l)ort No. 240, Nomenclature of Aeronautics, of the National Advisory Com- 
mittee for Aeronautics and are reprinted from that publication to familiarize 
readers "of this book with generally accepted terminology. These defini- 
tions are the result of careful study by s])ccial committees comprising civil- 
ian and military authorities. They will be ])resented at the end of each 
chapter. Such terms as a])])ly to that s])ccific subject will be given follow- 
ing the subject and a S])ecial cha])ter, in which all the terms will be placed 
in alj)habetical order conchules this treatise and is given for ready refer- 
ence. The reader is advised to look up any term used that he may not be 
entirely familiar wu’th as soon as he encounters it, either at the end of the 
chapter where it is mentioned or in the ai])habetical arrangement in Chap- 
ter 19, as by so doing he can easily aciiuire a complete aeronautical vocabu- 
lary and can use the correct terms intelligently. 

• 

General Terms 

aerodynamics — The branch of dMiamics whiDi treats of the motion of air 
and other gaseous Huids and of the forces acting on solids in motion 
relative to such Huids. 

aeronautics — The science and art ])ertaining to the Hight of aircraft, 
aerostatics — The science that treats of the equilibrium (jf gaseous fluids and 
of solid bodies immersed in them. 

As an aeronautic term, it relates to those properties of lighter-than- 
air craft which are due to the buoyancy of the air. 
aerostation — The art of ojicrating aerostats. 

aircraft — Any w^eight-carrying device or structure designed to be supported 
by the air, cither by buoyancy or by dynamic action. 
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airport — A locality, either of water or land, which is adapted for the land- 
ing and taking off of aircraft and which provides facilites for shelter, 
supply, and repair of aircraft; or a place used regularly for receiving or 
discharging passengers or cargo by air. 
airway — An air route between air traffic centers which is over terrain best 
suited for emergency landings, with landing fields at regular intervals 
equipped with aids to air navigation and a communication system for 
the transmission of information pertinent to the operation of aircraft. 

The term ''airway’’ may apply to an air route for either landplanes 
or seaplanes or both. 

aviation — The art of operating heavier-than-air craft, 
croers-country flight — A flight which necessitates leaving the vicinity of a 
regular landing field. 

pilot — An operator of aircraft. This term is applied regardless of the sex 
of the operator. 


Types of Aircraft 

aerostat — A generic term for aircraft whose support is chiefly due to buoy- 
ancy derived from aerostatic forces. The immersed body consists of 
one or more bags, cells, or other containers, which are filled with a 
gas which is lighter than air. (Figs. 1 and 3.) 

Syn. — LionTER-TUAN-AiR CRAFT. Includes airship and balloon, cj. v. 

airplane — A mechanically driven aircraft, heavier than air, fitted with fixed 
wings, and supported by the dynamic action of the air. (Fig. 2), 'Plates 
3 and 4. 

glider — A form of aircraft similar to an airplane, but without a power plant. 

helicopter — A form of aircraft whose sole support in the air is derived di- 
rectly from the vertical component of the thrust produced by rotatijig 
airfoils. 

kite — An aircraft heavier than air, restrained by a towline and sustained by 
the relative wind. (Fig. 4.) 

ornithopter — A form of aircraft heavier than air, deriving its chief support 
and propelling force frum flap]fing wdngs. 

Types of Aerostats ^ 

airship — An aerostat provided with a ]iropelling system and wn‘th means of 
controlling the direction of motion. When its power plant is not oper- 
.ating, it acts like a free balloon. 

non-rigid — An airshi]) whose form is maintained by the internal pressure 
in the gas bags and ballonets. (Figs. 1 and 3.) , 

rigid — An airship whose form is maintainecl by a rigid structure. (Fig. 

semi-rigid — An airship -whose form is maintained by means of a rigid or 
jointed keel in conjunction -with the internal pressure in the gas con- 
tainers and ballonets. (Fig. 3.) 

The term "airship” is sometimes incorrectly applied to heavier-than- 
air craft either in full or as "ship.” This is a slang use of the Avord and 
should be avoided. 
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balloon — An aerostat without a propelling system. 

barrage — A small captive balloon used to su])port wires or nets which 
are inlended as a protection against attacks by aircraft, 
captive — A balloon restrained from free flight by means of a cable attach- 
ing it to the earth. 

constant pressure* — A su]>ply balloon arranged to maintain a constant 
pressure of gas in the moored or docked aerostat, 
free — A balloon, usually spherical, whose ascent and descent may be con- 
trolled by use of ballast or with a loss of the contained gas and whose 
direction of flight is determined by the wind, 
kite — An elongated form of ca])tive balloon fitted with lobes to keep, it 
headed into the wind and usually deriving increased lift due to its axis 
l)eing inclined to the wind. 

nurse* — Sometimes used to refer to a constant-pressure balloon, 
observation — A captive balloon used to ^irovide an elevated observation 
post. 

pilot* — A small balloon sent up to sho^v the direction and speed of the 
wind. 

propaganda — A small free balloon sent up without passengers but with 
a device by which pa])ers or documents may be dropped at intervals, 
sounding* — A small balloon sent ui> without jiassengers huts with record- 
ing meterological instruments. 

supply* — A container made of heavy fabric cmjiloyed as a portable means 
of» storing gas at low jiressure. It is usually too heavy to rise even* if 
free. 

triangulation — A small captive balloon used as a mark on which to sight 
in a triangulation survey. 

f 

Types of Airplanes 

amphibian — An airplane designed to rise from and alig-ht on cither land or 
water. (Plate 2 R.) 

biplane — An air])lane with two main su])portiiig surfaces j)laccd one above 
another. (Plate 3 R.) 

flying boat — A form of seaplane su])ported, when resting on the surface of 
the water, by a hull or hulls j)roviding flotation in addition to serving 
as fuselages. For the central hull type, lateral stability is usually i)ro- 
vided by wing-tip floats. The term “boat seaplane’’ is now obsolete. 
(Plate 2 C.) 

landplane- — An airplane designed to rise from and alight on the land, 
monoplane — An airplane which has but one main supi)(^rting surface, some- 
times divided into two i)arts l)y the fuselage. (T^late 4.) 
multiplane — An airplane with two or more main supporting surfaces placed 
one above another. 

pusher airplane — An airplane with the propeller or propellers in the rear 
of the main supporting surfaces. (Plate 1 R.) 


*Nr)te: — Forms of balloons marked by an asterisk arc not, strictly speaking, air- 
craft but auxiliaries. 
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quadruplane — An airplane with four main supporting surfaces, placed one 
above anothef. 

seaplane — Any airplane designed to rise from and alight on the water. 
This general term applies to both boat and float types, though the boat 
type is usually designated as a ‘‘flying boat/' (Plate 2.) 

shipplane— A landplane designed to rise from and alight on the deck of a 
ship. 

tandem airplane— An airplane with two or more sets of wings of substan- 
tially the same area (not including the tail unit) placed one in front 
of the other and on about the same level. 

tractor airplane — An airplane with the propeller or propellers forward of 
the main supporting surfaces. 

triplane — An airplane with three main suporting surfaces, placed one above 
another. (Plate 3 C.) 


QUESTIONS TOR REVIEW 

1. Name llic iniportaiit layers uf the atmosphere. 

2. What is wind and how does its pressure vary with velocity? 

3. Describe main types of aircraft and tell how an airplane differs from a lighter- 
than-air craft in principle. 

4. What ar^ the advantages of the airplane over other types of aircraft? 

5. Outline main princii)les of airplane .sustenlatioii, 

6. What is air resistance and how does it limit aircraft flight? 

7. How is air resistance reduced and would it l)c desirable to eliminate it entirely? 
'8. What part of the airplane wing contributes the most lift and why? • 

9. Briefly describe main types of airplanes and tell how they differ. 

10. What factor has been responsible for the marked development in monoplanes? 
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Spherical Balloon Parts — Hydrogen Gas for Military Balloons — Use and Nature of 
Helium Gas — Consumption and Cost of Helium — Control of Free Balloons— 
Spherical Balloons of Little Value in Military Work — Kite Balloons Best for Ob- 
servation Work — Dirigible Balloon Types, the Zeppelin — Spheres of Economic 
Usefulness — Airplane vs. Airship— Influence of Size — Relation of Size to Weight 
Increase — Value of Water Recovery — Preventing Waste of Gas — Water in Ex- 
haust Gas — Water Recovery Apparatus — Condenser Details — Temperature of 
Gases— Use of Ballast— Some Advantageous Features of Airships — Stays Aloft 
with Engines Stopped — Dirigible can be Controlled as Free Balloon — Depre- 
ciation and Cost — Dirigible Balloon Types, the Blimp — The Semi-Rigid Type, 
— The Pilgrim-Goodyear Blimp — A Metal-Clad Rigid Airship — Requirements of 
Metal Hull Structures — Metal-Clad Hull Construction — Material Used for Metal 
Airship Hull — Notable Airship Flights — Standard Definitions. 

The reason why aircraft of the li^^hler-thaii-air type leave the ground is 
a sinii)le one. It is known that there are a nunil)cr of gases which are 
lighter than air, e.g., coal gas, hydrogen and helium. The amount of lift 
possible depends upon the ‘'buoyancy” of the gas, which is the difference 
between its weight and the weight of an equal \olume of a!r. If one has 
an understanding of the a])])roximate buoyancy of the gas used as a lifting 
medium, it is very easy to com])ute the lifting ])ower of a given quantity of 
this gas. A balloon with a ca])acity of 16,000 cubic feet of hydrogen, if it 
is fdled at the sea level and at a temperature of ()0 degrees fahrenheit, will 
lift about 1,000 ])ounds. This, of course, including the weight of the gas 
and the container; and a balloon capable of lifting 1,000 pounds? would of 
iticelf weigh about 550 pounds; this means that the envclo])c or container, 
the net-work, the observation car and the ecpii])ment it carries, as well as 
the weight of the gas, arc all considered. The lifting power of a balloon of 
the same size filled with coal gas would be no more than 600 pounds. It 
will be evident that to lift a given weight with coal gas that it will be neces- 
sary to use a container holding nearly twice the quantity that is needed 
to handle the same load with hydrogen gas. The ratio of lift betw^een 
hydrogejn and helium is more favorable, as a balloon that could lift 1,000 
pounds inflated wdth hydrogen can lift 900 ])ounds inflated wu’th helium. A 
convenient value to remember is that 1,000 cubic feet of hydrogen will lift 
68 pounds. 

Spherical Balloon Parts. — The i)arts of a si)herical balloon are clearly 
shown at Fig. 8, and may be readily understood. At the top of the main 
container, w hich is made of some fabric chemically treated to prevent leak- 
age of gas, is placed an escape valve Ahich is ke|)t seated by pressure of 
the gas from the inside, and which can be ()j)ened only by pulling a cord 
convenient to the aeronaut who is in the basket. This cord ])asses down 
through the bag and ])asses through the neck or “a])pendix” so it can be 
reached from the l)asket. The function of this valve is to permit of a 
certain degree of gas escapement, w-hich can be controlled by the operator 
when it is desired to descend. As soon as the operator ceases to exert pres- 
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sure on the valve cord, the valve closes and prevents further escape of gas. 
It will be evident lhat when it is desired to descend from any altitude, that 
a decrease in the lifting power of the gas bag would permit it to settle to 
the ground. There is an open neck at the bottom of the gas bag called the 
“appendix” to permit the gas to escape when it expands, as it would do 
when coming into warm sunshine. The heat produces an expansion and 
increases the volume of the gas. It will be apparent that unless some 
means were taken for relieving this excessive pressure, that it might disrupt 
the gas bag; therefore, as the gas expantls it rushes out of the gas bag 
through the open neck at the bottom. If for any reason the sun should be 



Fig. 8. — Simple Free Balloon of the Spherical Type with Parts Designated. 

obscured by clouds or there should be considerable moisture in the air, the 
cooling- of the gas Avill result in its contraction, and there should be a corre- 
sponding reduction in volume; the lifting power of the balloon is therefore 
impaired, inasmuch as the lifting ability is the ratio between the weight of 
the gas carried and the amount of air that it displaces. In order to keep the 
balloon from falling too rapidly, and to offset this condensation of the sup- 
porting gas, it is necessary for the aeronaut to throw off ballast, usually 
carried in the form of sand, until a state of equilibrium is reached and under 
which conditions the balloon will stay up as the decreased weight carried 
is .pj*o])ortionate to the lifting power. 

When it is desired to make a rapid descent in order to avoid an ap- 
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proaching storm, or for any other reason, the escape valve is kept open 
until the balloon l)egins to settle, and when it has reached a point near 
the ground the operator will pull the n])ping cord and tear away the ripping 
panel, which is normally sewed to the bag, in order to provide a large 
outlet for the sudden escape of gas. A gra])pling hook is carried to permit 
of securing an anchorage to any convenient tree or fence, and in addition 
a drag roi)e, which may be drop])ed for 100 feet or so below the car, is 
provided so that it may be grasi)ed by people on the ground who might 
assist in bringing the balloon to a stop. 
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Plate 5. — Typical Modern Kite Balloon with Standard Nomenclature of Parts Recom- 
mended by the National Advisory Committee of Aeronautics. 


Hydrogen Gas for Military Balloons. — Owing to Ibc high cost of hydro- 
gen gas, balloons that liave lieen used for ordinary observation purposes 
at country fairs and used l)y individuals bn* exhibition purposes are filled 
with coal gas, but in all militaiy ballooning the gas bags arc filled from 
compressed hydrogen or helium stored in lu1)es. It will take about 5 
hours to fill a large balloon with coal gas coining from a gasometer whereas 
when the hydrogen is carried in tubes in which it is held under high pres- 
sure, less than one hour suffices to fill the bag. Owing to the ease with 
which hydrogen may be carried when it is contained in steel tanks under 
pressure, it is always considered best for military purposes. Relatiyely 
simple hydrogen making plants have been devised which may be carried 



33 


LIGHTER^THAN.AIll CRAFT 

in the field in the event of the supply of compressed hydrogen tubes giving 
out. In the early dhys, hydrogen making plants in which iron filings were 
acted on by sulphuric acid were used to generate gas for inflating. 

Use and Nature of Helium. — The American military services are par- 
ticularly fortunate in that helium is availalfle for filling the gas bags of 
the captive balloons and dirigibles and that the United States is the prin- 
cipal source of supply for this valuable gas. Helium was discovered and 
experimented with about 30 years ago by the eminent British chemist, Sir 
William Ramsay, and its adoption by the United States authorities for the 
filling of airship eiivel()])es is the first and only practical use to which it 
has been ap])lied. Helium is the next lightest known gas to hydrogen and 



Fig. 9. — Why Captive Spherical Balloons are not Suited for Observation Work. 

is remarkable as being the most inert of all the elements. It does not burn 
or siij^port combustiem ; it has no taste, color or smell; and so far as is 
known, it does not enter into chemical combination with other elements. 
It is present in extremely small C|uantities in the atmosphere and is found 
mechanically retained in many mineral earths that are radioactive in char- 
acter and particularly in thonaiiite, a mineral earth olrtained from Ceylon. 
It is present in mineral springs and also in the natural gases that arise from 
wells in many parts of the United States and Canada. It is from this last 
source that the United States Government is obtaining the supplies for its 
airships. During the war it was frecjiiently reported that the Germans were 
preparing to use it in their airshi])s. Probably on account of the rarity of 
the. sources of su])ply, the lack of knoAvledge as to its preparation on a large 
scale and the high cost of its production, it was never so used, a fortunate 
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circumstance for the populations of the Allied towns that were within reach 
of the activities of the Zeppelin raiders. • 

On July 1, 1925, pursuant to the act of Congress of March 3, 1925, helium 
production plant No. 1, near Fort Worth, Texas, with its contributing pipe- 
line, was transferred from the Navy Department to the jurisdiction of the 
Bureau of Mines. The Linde Company remained in charge of actual plant 
o])erations under contract with the Government but under the general 
supervision of the Bureau. 

Tn this plant natural gas that comes through the Government-owned 
pipe-line from the Petrolia gas field, Clay County, Texas, about 104 miles 
north and west of Fort Worth, is processed for helium. The helium is re-, 
moved from the gas Iw ojieration of a li([uefaction cycle, and the gas minus 
the helium is then returned to the mains for commercial use. 



The first vital consideration in the Government’s helium project is to 
provide adequate and constant sup])lies of helium-bearing natural gai^, and 
to this end the Bureau has maintained a general survey of gas fields to 
discover and estimate i)ossible sources of such gas. 

Through use in airships, helium becomes contaminated by double diffu- 
sion; helium escapes through the walls of the gas cells and air enters 
through them. At certain intervals, therefore, the helium supporting an 
airship must be removed, purified and replaced. A plant for large-scale 
purification was designed and built at Lakehurst, N. J., for the Navy De- 
partment by the Bureau of Mines engineers. The j^rocess employed proved 
so successful that the Army decided to have a smaller mobile purification 
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unit that could be mounted on a railroad car and transported from place 
to place to serve aii*ships. The Bureau of Mines undertook to design such 
a plant. Designs for a plant having one-fourth the capacity of that at 
Lakehurst were perfected, and a plant at McCook Field, Dayton, Ohio, was 
completed, tested and turned over to the Army for a final tryout at the end 
of April, the car being sent to Scott Field at Belleville, 111., near St. Louis, 
for this purpose. This plant can ])urify 5,000 cubic feet of helium per hour 
for airship use, raising the purity from around 85 to about 98 per cent. 

The American authorities commenced their experiments on its produc- 
tion in large quantities early in 1917, and hy the autumn of the following 
.year had erected a plant for its extraction from natural gases containing 
about 1 ])er cent of helium. The plant was found capal)le of producing 
about 8,000 cubic feet per day, at a cost of a1)out 10 cents per cubic foot or 
roughly 20 times that of hydrogen. The process that was employed sub- 
jected the natural gas to compression, by which all the gases present, ex- 
ce])t helium, were li(|uefied. The helium ])assed over and was collected 
in suitable vessels. The ])rocess was in tAvo stages, the helium obtained 
from the first stage having about 70 per cent ])urity, which in the second 
stage was increased to 92 or 93 per cent. It is now stated that either a 
new process has been devised or the old method so improved that in a 
single stage helium of sufficient purity for use in airships can be obtained 
at a cost of ahffut 10 times that of hydrogen. 

Consumption of Helium Gas. — Colonel A. Crocco, an Italian airship 
exi)crt gives some valuable data on the consumption of helium gas and 
compares it to hydrogen as follows: The consumption of hydrogen gds in 
an airship is due (u) to osmotic diffusion, (b) to the necessary washings 
for maintaining a predetermined degree of ])urity and (r) to consumption 
during navigation. In the present state of technique and practical appli- 
cation, the most important (.>f these three causes is the last, which in th§ 
case of the regular commercial traffic would assume very high values in- 
deed. In almost all cases occurring in actual practice it has been found 
possible to comjiensate for the fuel consuin])tioii during navigation. Con- 
sequently the most im])ortant of the three causes that make the supply of 
gas for an airship a serious question is possible of total elimination. 

Although it has not been ])ossible as yet to ascertain sufficient data re- 
garding the osmotic loss of helium through the dirferent types o| aero- 
nautical fabrics, the cxperinients carried on at the Institute of J!lxj)erimcntal 
Aeronautics at Rome and also in the Unite<l States show that it is not un- 
reasonable to assume a loss of 3 liters j)er s<|uare meter (0.00978 cubic feet 
per square foot) in 24 hours. Basing our calculations on this figure the 
airship under consideration, Avhich has a surface of diffusion of 18,000 
square meters (115,251.1 scjuare feet), A\ould lose through osmosis 19,440 
cubic meters (686,513.07 cubic feet) of gas ])er year, which is less than 
20 per cent of its \olumc. The relative lo.sses in the case of greater A^olumes 
would be even less due in ])art to the smaller surface- volume ratio. 

At present the fresh su])i)lie.s of hydrogen required on account of con- 
sumption during navigation are siifiicient to maintain the necessary purity 
inside the envelope, but where fresh supidies are not available, the wash- 
ing of the gas becomes a daily necessity, the importance of which is much 




Modern Rigid Type Dirigible Showing Standard Nomenclature of Parts Recommended by the National Advisory 

Committee of Aeronautics. 
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greater than the actual losses through osmosis. If, for example, it is 
desired to maintain a purity of 96 per cent with an annual osmotic loss of 
20 per cent as calculated above, an annual washing equal to double the 
volume of the airship is necessary. In the case of helium this cause of 
great consumption can be totally eliminated by regenerating or repurifying 
the helium, that is, extracting the air that vitiates it, and by cooling and 
liquefying the gas. 



Plate 7. — Non-Rigid or Blimp Type Dirigible Balloon Showing Names of Parts Ad- 
vised by the National Advisory Committee of Aeronautics. 

f 

Of the three causes mentioned that render the replacement of helium 
necessary, consumption during navigation, washing and osmotic loss, which 
^ire in the proportion of 100 to 10 to 1, only the last, which amounts to an 
annual average of 20 ]^er cent of the volume of supply, cannot be elimi-^ 
nated. This has two important results. First, the necessity of replacement 
l)eing reduced to this single cause, the available quantity of American 
'helium is sufficient for ninning not one, 1)iit 150 airships of the average 
volume mentioned above, which is sufficient for a world fleet of civil air- 
ships; and second, the cost of helium is within the reach of economical 
navigation, because aj^art from the volume of gas necessary for inflation 
only an annual replacement of 20 per cent of this volume is required. In 
other words, the initial gas volume necessary for inflating the difigible 
is exhausted in a minimum period of 2 years. Considered in this light, 
helium is no longer a material of consum])tion but a material of con- 
structqn of which the required initial outlay for the plant is amortizable in 
S years. Therefore, its sul)stitution for hydrogen in civil enterprise is pos* 
sihle and economically ]mofital>le. 

Control of Free Balloons. — It will be noted with a free balloon that 
there is no movement of the balloon relative to the air, as is true of an 
airplane or dirigible airship. A balloon must move with the air currents in 
which it is supported. The onl}^ control the aeronaut has over the move- 
ments of the balloon is to vary its altitude and attempt to seek air currents 
or winds flowing in the direction in which he wishes to go. The material 
ordinarily used for making gas hags is rubberized silk, though treated 
cotton has been employed. The balloon is surrounded by a netting of 
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Fig. 11. — Part Sectional View of Early Zeppelin Airship. 
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Dirigible Balloon Types — The Zeppelin. — For offensive and observation 
purposes the Zeppelin type of airship received considerable use by the 
Germans. The Zeppelin airship depends upon numerous independent gas 
bags ranging in niiml)cr from 18 to 23, which arc held in a lattice work 
frame of aluminum alloy metal, so as to form a cylinder with conical ends 
having from 16 to 20 sides when viewed as a cross-section; each of the 
gas bags has the usual form of deflating valve and also is provided with an 
automatic safety valve to permit the escape of gas from the bag if the pres- 
sure becomes too high. The capacity of some of the early Zeppelin types 
varied from 800,000 to 1,200,000 cubic feet, and the dimensions ranged from 
450 to 550 feet in length. The diameter varied from 40 to 50 feet. Modern 
forms have been built that are of over 2,000,000 cubic feet capacity while 
there are projected types authorized in England and the United States that 
will hold from 5,000,000 to 6,000,000 feet of gas and airship experts talk 
glibly of aircraft of that type that wdll hold 10,000,000 cubic feet of gas and 
that could circumnavigate the earth without refueling. The U. S. Navy air- 
ship, the Shenandoah wms 680 feet long and had a capacity of 2,250,000 cubic 
feet of gas. A number of gondolas or cars are attached very close to the 
framework carrying the gas bags, and have double bottoms and are pro- 
vided wdth shock absor1)ers so that the Zeppelin may descend on both land 
and w^ater. The rigid type of construction permits of much greater speed 
than can be secured wnth the '^Rlimp’' design, because the shape of a non- 
rigid varies to a degree as the ])ressure inside of the bags varies. The ex- 
ternal form of the Zc])pelin an early form of which is shown at Fig. 11 w^hile 
a more modern section is given on Plate 6, which is regulated by the inferior 
framework construction, does not alter its shape. Another thing is that the 
Zeppelin does not depend only upon the lift of the gas it contains for ascent 
and descent, but it is provided \vith horizontal rudders or elevators which 
can be made so the bag is tilted upwards to give a certain lift when the shi^ 
is propelled in a forw ard direction by its motors. A balloon rises statically 
wdiile a dirigible obtains considerable of its lift dynamically. 

The long under-surface of the airship itself also acts as an elevator as 
it is driven at high speed through the air. Owing to the relatively small 
size individual gas bags the Ze]>pelin airship does not need “ballonets,” as 
the gas cxj^ansiciii is taken care of by the automatic valve. Between the 
gas chambers ancl tlie framcAvork is a space which was filled wijh non- 
combustible gas in the war craft in order to seiwc as some protection from 
fire. Another thing — this inert gas tends to shield the hydrogen gas to some 
extent from changes of temperature. These airships are usually provided 
with water ballast and use a nunilier of high-powered engines for propul- 
sion. Four proi)ellcrs Avere used on the early tA'j^es these being attached to 
the framew^ork of the airship and driven from the engines carried in the cars 
by means of gearing. The Zeppelin is cai)able of attaining speeds as high 
as 60 or 70 miles per hour against mild Avinds, and as it is provided with 
stabilizing planes and other surfaces that act as elevators to raise or depress 
the airship, it can be readily controlled without the loss of gas inevitable 
in balloon control. The gas bags are in place inside of the framework ; the 
entire frame assembly is covered Avith a s])ecial fabric which is coated A\dth 
an aluminum pow^der comi)ound to increase heat radiation and to reduce 
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Fig. 12. — General Arrangement Plan for Early Type Navy “B lim ps 
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the risk of fire. The Zeppelin or rigid type dirigible, however, owing to its 
large size, is very vulnerable and is much easier to hit with anti-aircraft 
guns than faster and smaller airplanes are and for that reason, when used in 
oflfensive operations they are operated at night and fly very high. Modern 
types have the engines carried in power cars suspended from the hull, each 
engine driving a propeller geared to it and operated by a suitable clutch 
mechanism. In cases where the engines are not of the reversible type, re- 
verse gearing may be used so the screws may act either as tractors or 
pushers as desired when manoeuvering. 

Spheres of Economic Usefulness. — It is difficult to make any direct com- 
parison between the airplane and the airship l)ecause of the great dissimilar- 
ity in construction and any discussion on the relative spheres of economic 
usefulness must be largely predicated on performance per unit cost. Mr. 
H. F. Parker, in a pai)er read before the Society of Automotive Engineers 
has gone very thoroughly into this subject and while the paper in it en- 
tirety is available to students in the ])ublications of the Society, the follow- 
ing abstract and excerpts from the S. A. E. Journal will indicate the 
thorough manner in which this authority on lighter-than-air craft ha^ 
covered a difficult subject. 

Although the generally accepted spheres of usefulness of the tiirship 
and the airplane are usually based on their com])arative ranges of opera- 
tion and their speeds, the suitability of either of these types for a given 
purpose is primarily dependent on two classes of factors, those funda- 
mentally dissimilar and those roughly similar. Conclusions as to relative 
usefulness should be based on a consideration of the dissimilar character- 
istics, which include aerodynamic efficiency, size and comfort. Aerodynamic 
.efficiency governs range and, since it determines fuel consumption, in- 
fluences the cost of ojieration. The size reciuircd depends on the paying 
loads that are available for carrying. Comfort concerns passenger-carrying 
only. 

As the propeller efficiency, rate of fuel consumption and ratio of weight 
of fuel carried to gross lift are similar in both ty])cs of aircraft, the range 
must depend on the l./D factor, that is, the ratio of gross lift to thrust. 
Although it is not customary to ajiply this ratio to airshi])s, conijiarative 
curves for the airi)lanc and the airslii]) on this basis show a surprising 
sui)eriority for the airship, not only at sjieeds of OO or 70 m.]).h.«but at 
higher speeds that have not yet been attained. In the matter of fuel con- 
sumption, an airship of 150-ton capacity travelling at 70 m.p.h. requires only 
one-quarter the fuel ]ier ton-mile, and at 105 ni.]).h. only one-half the fuel 
per ton-mile that is needed to propel 1 ton of air])lane 1 mile at either speed. 

Partly nullifying the advantage of the airship in the past because of 
lower fuel-consumption has been the waste of liftingf-gas that occurs in 
maintaining equilibrium when the weight has 1)een reduced by the con- 
sumption of fuel. Notwithstanding this waste the airshij) can still com- 
])cte with the airplane on an equal basis in the matter of fuel consumption 
at a speed of 70 m.p.h. ; but through water-recovery and hydrogen-burning 
the waste is no longer necessary. 

Ill an airship flight, as the supply of oil fuel is consumed, a correspond- 
ing amount of hydrogen must be released, and it thus becomes of impor- 
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tance to determine wliether this waste hydrogfen may be utilized to replace 
a portion of the oil fuel supplied to the engine. The proportion of fuel 
gas admitted with the air must, of course, be kept sufficiently low so that 
no explosion can take place when the mixture is compressed in the engines 
operating on the Diesel principle wffiich are now being experimented with, 
but no such limitations are imposed on the supply to engines of the Otto 
cycle type which are now generally used and in which electrical ignition 
of the compressed charge is employed rather than ignition by thermal 
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means. In connection with the investigation of the practicability of the 
oil engine for the propulsion of aircraft which has been made for the British 
Air Service, some experiments have been made in regard to the effect of 
admitting small quantities of hydrogen and of coal gas with the air, and 
also on the effect of reduced air intake pressure on the performance of an 
oil engine. A paper on these tests was presented before the Institution of 
Automobile Engineers and the Royal Aeronautical Society by G. F* 
Miicklow, M. Sc. The engine used in the tests was a Crossley single- 
cylinder, solid-injection, heavy-oil engine of 14 inch bore and 23 inch stroke, 
having a volumetric compression ratio of 10.3 to 1 and being rated at 66 
*hp. at 21 1 r.p.m. 

No ill effects of any kind ensued from the use of gas, nor were any in- 
dications of pre-ignition or detonation experienced, and it was found that 
when any appreciable quantity of either coal gas or hydrogen was being 
admitted, the engine appeared to run more sweetly. The following con- 
clusions are drawn from the results: Small quantities of hydrogen or coal 
gas can be employed as an auxiliary fuel in a solid-injection oil engine. 
When gas is being admitted the engine appears to run more sweetly than 
when the same power is being developed with oil alone. No ill effects 
are produced by the use of gas beyond a slight reduction in the thermal 
efficiency and a, slightly hotter exhaust. 

With an amount of hydrogen equal to 3 per cent by volume of the air 
supply to the engine, the reduction in brake thermal efficiency at the high- 
est load dealt with (53.4 b.hp.) is 5.3 ])er cent of the normal efficiency, 
while the corresponding reduction at the lightest load (24.4 b.hp.) is 10.9 
per cent of the normal efficiency appropriate to this load. There are 
indications that as the amount of hydrogen admitted is increased, the 
thermal efficiency a])proaches a minimum value, after which it is suggested 
that the efficiency would again rise as the proportion of hydrogen to air^ 
became such as to ignite spontaneously at the compression temperature 
and pressure. Obviously, when helium is used for inflation, it cannot be 
burned and the excess lift due to fuel consumption and reduction of weight 
must be compensated for by water recovery a])paratus. 

Influence of Size. — With regard to size, consideration is given to the 
effect of dimensional laws on the dead-weight of both types of aircraft. 
Assuming that the dead-weight of air])lancs increases with the incrcftise in 
size under the 3/2 law, the further assumption is made that 10 tons is the 
weight at which the law beings to operate ; in airships, the factors operat- 
ing are different from those of airplanes and do not become effective until 
sizes are reached far in excess of those contemplated at present. Assert- 
ing that airplanes and airships of the same size are notjikely to come into 
direct competition, Mr. T’arkcr then examines the fields in which each type 
is likely to prove useful. Among the conditions affecting the comfort of 
passengers are found to be the relative amounts of space available on 
two types of craft, and the various motions encountered, su(ih as rolling, 
pitching, bodily vertical motion, and vibration. ' • . 

But the observations made from the standpoints of aerodynamic effi*' 
ciency, size and comfort, are said to be subject to modification by adcU^ 
tional factors, of which the most important are (a) initial percent^^|^^^y 
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useful load, (h) initial cost per unit of gross weight, (c) relative operating- 
costs, (d) insurance and safety, and (r) rate of depreciation, each of which 
is discussed in detail. 

The conclusions reached arc that, on account of aerodynamic superior- 
ity, the airshi]) will be used wherever ]K)ssil)le for carrying passengers in 
comfort, but a large field exists in which it cannot be used because of 
insufficient loads; that the airship will continue to be a long-range, the 
airplane, a short-range vessel, but these distinctions will be affected largely 
by the volume of traffic available; that although the cost of transportation 
])er ton-mile is greater by airplane than by airshij), this fact will not seri- 
ously limit the use of the air])lane within its own field, the comparative' 
magnitudes of the fields of heavier-tlian-air and ligbter-tban-air operation 
))eing similar to those of rail and water trans])ortation ; and that, inasmuch 
as the two tyi^es are comi)lementary, the successful operation of either one 
will react to the benefit of the other. 

Relation of Size to Weight Increase. — In developing his discussion, Mr. 
Parker outlines the dimensional law that seems to limit the size of air- 
planes. He states: 

^The weight of the structure of all aircraft increases at a greater rate 
than the load that can be lifted by it. In the case of the airplane, the lift 
is dependent on the area of the wings, Avhich, in geonietricajly similar craft, 
varies as the S(]uare of a linear diinensi(ui, say as L“. The weight of the 
wings, however, varies as I/. The wings may be considered as ))eams, 
usually double-cantilever, with uniformly distributed load. The load per 
unit of surface does not change with variation of size, which means, that 
the loading per unit length of beam varies as the chord of the wing, that 
is, as L. With the length of the beam varying at the same rate as the 
chord, the bending-moment varies as and the weight of the beam, 
therefore, as Since the weight that a Aving can carry varies only as 
it follows that a ])oint will ultimately be reached at which the wing will 
not be able to lift its own weight. This argument a]:)plies directly to 
geometrically similar wings only; and it is often contended that the use 
of a multijdane structure, or the distribution of the weight along the wing, 
will enable unfavorable conditions to be escaped indefinitely.” 

Distributing the weight along the beam merely alters the condition of 
loading* of the beam; instead of being a double cantilever with the load 
concentrated at the center, the load can be distributed and the beam can 
possibly approximate to a continuous one.. Some benefit may be obtained 
from this loading, although practical objections, especially in the nature of 
landing-shocks, render it doubtful. The law, however, still remains: a 
modified type of beam increasing in weight at a greater rate than the 
weight it lifts. 

The same thing holds for the use of a multiplane structure. The in- 
crease in length of the beam may a])parently be checked by using more 
l)eams of shorter length. In jmactice, however, it ai)pears that the gain 
from this source is balanced by a loss in aerodynamic efficiency. The 
change from monoplane to biplane increases the effective depth of the 
beam a])proximately eight times, and reduces the length for similar aspect- 
ratio to 0.707 of its monoplane value. It barely pays to make this change; 
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and monoplanes can exist competition with biplanes. The increase from 
biplane to triplane merely doubles the effective depth of the beam and 
reduces the length to 0.815 of its biplane value. This does not pay in 
normal-size machines but appears to be a cheaper expedient than facing 
the 3/2 law in craft of the largest sizes now being built. 

In a properly ecjuipi)ed airplane ready for regular service, the dead- 
weight is likely to be between 60 and 63 per cent of the gross load, while 
in an airship under similar conditions it will probably be 50 ])er cent. The 
above percentages for the airship have been estimated on the basis of 100 
per cent inflation at sea level. This is an ideal condition; in practice, a 
safe elevation must be attained immediately after taking the air, and emer- 
gency, ballast must also be carried. The first condition will probably call 
for a height of 2,000 feet, involving, with 100 per cent inflation, the dropping 
of 6 per cent of ballast, or the gas cells can be inflated to 94 per cent full- 
ness only, so that the desired height can be attained without loss of gas. 
In addition to this deduction of 6 per cent, a certain reserve-buoyancy must 
be availal)lc for emergencies or for trimming the ship preparatory to land- 
ing. For this ])uri)()se, water ballast is carried, and 5 per cent can be ac- 
ce])lcd as a fair figure for the amount necessary on the basis of present 
practice. This 11 per cent must, of course, be deducted from the useful 
load, which thuij, for both ty])cs, l^ecomes 40 per cent, or slightly less. 

Reserve buoyancy cannot be dis])ensed with; but sacrificing useful load 
to obtain it should not always be necessary. By the use of water-recovery 
apj)aratus, ballast can be manufactured en route and thus be availablp at 
the time that it is usually needed, that is, at the end of the flight. Should 
an emergency arise early in the course of a flight, it can be taken care of by 
droi)i)ing fuel. “Slip tanks” are provided, in any case, to enal.de this to be 
done. 

Value of Water Recovery. — Mr. Parker, while assistant physicist at the* 
Naval Academy Factory, Philadelphia, worked out a system of water re- 
covery from exhau.st gas that materially reduces the cost of operation of 
dirigibles inflated with either hydrogen or the more costly helium, the cost 
of which has been estimated at figures ranging from 20 cents per cubic foot 
to 5 cents ]>er cubic foot. The former is probably none too high, the latter 
figure is undoubtedly too oi)timistic for serious consideration in discussing 
commercial api)lications of airships. Mr. Parker also covers this subject 
ill an interesting manner as follows: 

“When starting on a flight, an airship is in approximate equilibrium; 
that is, the lift exerted by the gas within its gas cells approximately equals 
the total weight of the craft, including the dead-weight of the ship’s struc- 
ture, the ballast, the crew, the useful load and the fuel. As the flight 
proceeds, this weight becomes gradually less, owing to the consumption 
of fuel, and the ship becomes light. If no steps were taken to correct it, 
the first effect would be that the ship would rise, and this would be accom- 
panied by an expansion of the gas within the cells. These cells are 
normally only partly full but, with increase in altitude, a i)oint is reached 
where the confined gas expands until it completely fills them. This is 
known as the “pressure height.” Any further expansion WQuld cause in- 
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creased pressure, Avhich is avoided by providing automatic valves that 
permit the escai)e of gas under slight excess pressure. Therefore, with the 
burning of fuel the ship would rise to her pressure height and gas would 
gradually escape through the automatic valves. Actually, the ship would 
be ke[)t at whatever height it was desired to fly her by using the elevators 
to keep her nose pointed downward, thus balancing the excess lift by nega- 
tive ‘'dynamic lift,” due to the air pressure on the top of her hull that tends 
to force her down. 

On short flights, this expedient is satisfactory; and it is even possible 
to land a ship considerably light by driving her down in this fashion until 
the landing ])arty has her in hand. Consequently, on ships making short 
flights only, this lightness is not a matter of much concern ; but, on long 
flights, conditions are very dilTerent. It ra^ndly becomes impossible to 
maintain eciuilibrium by the use of the elevators, and lifting gas has to be 
valved. With hydrogen, this is not serious, for the gas is cheap and can 
be replaced when the shi]) returns to her base. This ])rocedure, however, 
cannot be ado])ted with helium because not enough of the gas is available. 
Even if enough were available, the cost (»f operating with it on long flights 
without special measures to cf)iiserve it would be excessive. On the 
Shenandoah, o])erating at cruising s])eed, with five engines at 1,200 r.p.m., 
this cost would be $1,000 per hour assuming that the helium cost 13 cents 
per cubic foot. This is a very conservative figure at jirescnt as it repre- 
sents merely the cost of jiroducing the gas plus an allowance for trans- 
porting the heavy clinders to l.akehurst, N. J., but it neglects all overhead 
charges. Ultimately, it may be possible to get the cost down to 5 cents 
per cubic foot; but, even at this figure, it will still be necessary to prevent 
its waste by old methods of ojieration.” 

Preventing Waste of Gas. — Primarily, therefore, the jiroblem is to pre- 
sent the wastage of helium. It is often suggested that the gas might be 
taken out of the cells, conqircsscd and stored on board the ship. While 
this is possible theoretically, it is altogether imjiracticablc. On a flight of 
24 hours with the Shenandoah, the volume that would have to be handled 
in this fashion would be about 150.000 cubic feet. After compression to 
say 1,800 pounds per scpiare inch, the gas would have to be stored in cyl- 
inders; and, even at this great jiressure, the number of cylinders required 
w^ould'be ],0(X) and they w^ould weigh 13(),000 pounds, a weight as great as 
tlie gross lift of the ship. This refers to cylinders of the type used for trans- 
porting helium on the ground, but the weight could not be reduced without 
dangerously low^ering the factor of safety.' Machinery to compress the gas 
would also involve very considerable wx'ight, and space would have to be 
found to store the cylinders. The jiossibility of reducing the lift by com- 
pressing the gas, can, therefore, be dismissed as inqiraciicable. 

It is desired not to valve the gas on account of its cost; so, as the ship 
must be kept in eipiilibrium, something must be done to kee]) the weight 
constant. Therefore, some substance must be collected and stored at the 
same rate as that at wdiich fuel is consumed in the engines. The most 
practicable method seems to be to recover w^ater from the exhaust gases 
of the engines. The necessary w^ater is there, and it has been demon- 
strated that it can be recovered. 
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Water In Bxhaust Gas. — The point to note is that for every 100 pounds 
of gasoline burned, 14S pounds of zvater is present in the exhaust. This quantity 
varies somewhat with weather conditions and also wdth the composition 
of the fuel. For gasoline, 135 pounds can be set as the minimum and 150 
pounds as a fair maximum; but, with other fuels, the amount of water 
formed may be greatly different. Thus, with benzol, it is only 70 pounds 
and, with alcohol, 115 pounds. The water exists first as fog, which cannot 
conveniently be collected. However, as this fog moves along in the- 
supersaturated atmosphere, the particles coalesce to form water-drops 
so that, at the exit, probably 75 per cent is available as liquid. The remain- 
ing fog can be rendered available as water, by mechanical means. So much 
for theory. The problem resolves itself into a straightforward cooling 
proposition which, at first sight, seems not very difficult. The most obvi- 
ous thing to do appears to be to apply steam-condenser practice, using 
either a surface or a jet condenser. The conditions, however, differ from 
those met with in steam condensers in important particulars. 

Water Recovery Apparatus. — The apparatus finally evolved by Mr. 
Parker and his assistants consists of a large number of aluminum tubes 
fitted into cast-aluminum headers that, in this case, serve to change the 
direction of the exhaust through approximately 180 degrees every 5 feet. 
The exhaust gas is first directed from the exhaust-ports into a manifold of 
normal construclion. As the engine is totally enclosed within a car, special 
means are necessary to cool the manifold, and it is covered with an alum- 
inum casing provided with an intake scoop to direct air through the casing 
and over the manifold. A cut-out is provided on the manifold, consi&'ting 
merely of a branch pipe with a plug screwed into its end so that, on the 
removal of the plug, the engine can ]>e operated while exhausting direct to 
the atmosphere, and the condenser put out of action. For normal opera- 
tion, however, the exhaust flows through the manifold proper to a flexibly 
connection to the condenser entrance. This is necessary because the con- 
denser is suspended directly from the hull, and the cars move almost 1 
inch from their stationary position when subjected to the thrust of the 
propellers. 

Condenser Details. — At the condenser entrance is a distributor header, 
an aluminum casting that spreads the exhaust to the 45 tubes of 1-inch 
diameter which fit into the header. Each of these tubes has a total^length 
of 70 feet, and the gases must traverse their whole length before they reach 
a terminal header. There they are again collected and passed through a 
separator that is merely a tank provided with baffles to arrest the fog par- 
ticles and prevent them from being swept out with the residual gases of 
the exhaust. The baffles cause the gases to change their direction of flow 
sharply and, as the fog particles are heavier than the actual gas particles, 
they tend, due to their inertia, to keep on in a straight line, while the gases 
sweep around the corner and out of the exit. Drain pipes permit the con- 
densed water to flow into the engine cars, wdiere arc located a filter to 
remove soot and oil, a storage tank and a pump for delivering the w^ater to 
a distribution line in the hull. This line leads to the ballast bags and, by 
opening the appropriate valves, the recovered water can be directed to any 
bag desired. 
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Temperature of Gases. — The gases enter the manifold at a temperature 
of about 1,600 degrees fahrenheit; this has fallen to 1,106 degrees fahrenheit 
by the time the condenser entrance is reached, and to 400 degrees fahrenheit 
at the end of the first 10 feet. Condensation starts after approximately 23 
feet of travel ; so, it takes twice as much surface to cool the last 40 degrees 
as is necessary to cool the first 1,000 degrees. The actual time taken for 
the process is less than 2 seconds; that is, within 2 seconds of the time the 
gas leaves the exhaust-port, the water has been removed from it and it has 
been discharged to the atniosjdierc. In spite of the high velocity implied 
by this short jjcriod, the back-pressure is less than 1 pound per square 
inch, which is negligible compared to the mcan-elTective pressure of more 
than 120 pounds per square inch exerted by the engine. 

The actual recovery obtained with gasoline was 110 per cent: anrl the 
apparatus stood up satisfactorily under its full-load test. This recovery 
of 110 per cent has since been du])licated in actual flight tests. Only three 
of the five engines of the Shenandoah were so equipped, as it was expected 
that these, operating at a recovery of 110 per cent, will suffice for flights 
of U]) to 18 hour duration, allowance being made for landing the ship light. 
These three units, together with water-delivery lines, storage tanks, ex- 
haust connections, and other incidental parts, weigh 1,.S00 pounds. This 
may seem a serious reduction of the useful load, but it is not necessarily 
a loss. 

Use of Ballast. — Hallavst must be carried on an airship for use in possi- 
ble emergencies in landing the ship. It may not be needed at all, but care- 
ful pMoting requires that it be available. A fair figure for the amount 
usually carried is 5 per cent of the gross lift. In support of this it might 
be mentioned that the R-34, in crossing the Atlantic, carried more than 3 
tons, or more than 5 ])er cent. In that case, if ever, it was imperative to 
reduce the ballast to the absolute inininunn. This figure represents 6,500 
jiouiids for the Shenandoah. Without the vvater recovery, this must be 
taken on at the start of the flight; with water recovery it can be manu- 
factured cn route so that, instead of reducing the useful load, the installa- 
tion of water recovery may inatcriallv increase it. 

Some Advantageous Features of Airships. — One of iftt ^greatest risks to 
aircraft lies in making a landing. If it were necessary to house an airship 
in its slped at the termination of every flight, and at the same time to main- 
tain a regular schedule, the risk of damage due to its being caught in eddies 
and gusts would, no doubt, be appreciable ;J)nt when the ship need return 
to its hangar only for overhauling or re])air and can, within limits, choose 
its own time for doing so, making its regular stops at a mooring-m^tst to 
maintain a regular schedule without much ri.^k in making connection with 
the earth should be possible. 

The risk of damage arises from dii ect contact between the moving air- 
craft and a fixed object, and the resulting damage is de])endent primarily 
upon the momentum with which this contact is effected. In spite of its 
great mass, an airship can usually approach the ground at a very low 
velocity. On the other hand, an air])lane must make contact at a relatively 
high-speed and, if anything should go wrong, the consequences are more 
serious. 
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In the case of passeng’ers. the risk of injury depends on the velocity of 
the aircraft at the time of impact. Serious injury may occur if this velocity 
exceeds about 20 m.p.h. It is obvious that this risk is present in an air- 
plane but is negligible in an airship. 

Stays Aloft With Engines Stopped. — Engine stoppage is the direct 
cause of much of the trouble that aircraft may encounter and may arise 
from either mechanical breakdown or exhaustion of the fuel supply. In 
an airplane, either cause will involve a forced-landing, and this is always 
accompanied by a risk of apjireciable magnitude. In an airship, no imme- 
diate danger exists; the power plant is split into three or more units, and 
one-half of them may fail, yet the journey can still be completed in little 
more than the scheduled time; even though all but one should fail, a base 
can be reached at reduced speed. Furthermore, the engines are accessible 
and, except in the case of really serious breakdowns, repairs can usually 
be made in the air. 

Dirigible Can Be Controlled as Free Balloon. — Even exhaustion of the 
fuel supply does not place an airship in immediate danger, since it can 
remain in the air and ‘‘free balloon” for at least 24 hours. It cannot remain 
up indefinitely, owing to variations of tem])erature that require either the 
discharge of ballast or the valving of gas. The variations that cause 
trouble are those between the air and the lifting-gas, namely, superheating, 
which may easily cause an excess lift amounting to 5 j^er cent of the gross 
lift of the ship. In an airshi]), the engines of which have stopped, this 
would involve a rise to i)ressure height and a discharge of gas through, the 
automatic valves. When the gas began to cool at a greater rate than the 
air, ballast would have to be discharged. Enough water is normally carried 
tp enable an airship to remain out 1 night, but whether it could endure a 
second is. doubtful. 

In this res])ect, a pros])ect of even greater safety in the use of water* 
recovery exists, for, with all the fuel gone, an cciuivalciit weight of water 
^ would be available, which should outlast some four or five nights. If an 
emergency arose, for example, through being blown ofT the course by a 
storm near the end of a flight, an airship captain, assured of enough reserve 
buoyancy to outlast several nights, could conserve his remaining fuel, and 
free balloon until the storm abated. With services in regular operation, 
enough bases or masts should be in existence for him to reach one in jafety 
at reduced s])eed after the abatement of the storm, and he could then refuel 
and resume his voyage. Whatever the exact measures adopted, the ability 
to remain in the air without danger for so long a period would give the 
captain ‘much greater freedom in meeting an emergency. 

Depreciation and Cost. — No satisfactory data on dejpreciation are yet 
available, nor can they be expected until an a])i)reciable number of aircraft 
of both types have actually been worn out in service. The most perishable 
item, the fabric outer-covering, is subject to a similar deterioration in both 
types. The main structural members, so far as can be seen at present, are 
in a similar position. In its gas cells the airship possesses a perishable 
item not shared by the airplane. The life of these is possibly twice that of 
the outer-covering and one-third that of the hull. So long as gold-beaters* 
skin is necessary to make the fabric gas-tight, they will, no doubt, be ex- 
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pensive. However, that a substitute for this material will ultimately be 
found seems prol)able. 

This disadvanta^a' of the airship should be offset by the greater durabil- 
ity of its engines. In an airplane, the engine is normally called upon to 
operate for short periods at full power and for fairly long periods at a 
relatively high output ; in an airship, full power is very rarely called for 
and the usual operating-speeds represent a relatively small load. A given 
engine could be expected to last longer, therefore, in an airship. At present, 
airship engines arc l)uilt heavier, and for this reason are more durable. 
This advantage, however, is not likely to be permanent, since, with less 
exacting requirements, to save weight by using engines no heavier than 
those which are satisfactory in an airplane, where the utmost in reliability 
is required, would jmy. 

As the relative cost of airplanes and airships the heavier-than-air is 
chea])er than the lighter-than-air craft. Airplanes may be purchased as low 
as $2,000 per ton in the case of lightweight machines, up to $5,000 per ton 
for ordinary wood and falu'ic or composite construction and $8,000 per ton 
for all-metal airplanes in moderate production. Airships will cost from 
$10,000 per ton for small non-rigid constructions to $20,000 per ton for 
semi-rigid and rigid ty])es. These figures include the cost of power plants, 
A factor of moment that demands consideration when comparing cost is 
that of the gas necessary to fill an airship and this is no inconsiderable item. 
With helium at 10 cents per cubic foot, it would cost $100,000 to inflate a 
ship of 1,000,000 cubic feet caj^acity. 

Dirigible Balloon Types — The Blimp. — The ‘'Blimp’’ type of balloon is 
a non-rigid form in which the shape of the gas bag is maintained by means 
of an interior ballonet which may be filled with air either from the slip 
stream of the propeller or by means of a separate blower outfit driven by 
♦an auxiliary ])ower plant of the small air-coolcd engine form as used for 
motorcycle propulsion. The amount of air entering the ballonet can be 
controlled by the operator and, of course depends entirely upon the con- 
densation or expansion of the gas used inside of the bag as a lifting medium. 

A typical “Blimj)” used by the navy during the World War is shown 
at Fig. 12, and this type of aircraft received considerable application for 
patrolling purposes. It is capable of reasonable speed in the latest types 
such as shown at Plate 7 Avhich are provided with engines of 100 or more 
horsepower, and is of es])ecial value in hoA^ering over the sea to locate 
the presence of submarine boats. The usual construction is to use a special 
shaped gas bag, or one with a i)roper streamline form that will provide for 
minimum air resistance and ordinary airplane type fuselage, with places for 
two operators, susi)ended from the bag by means of the usual suspension 
wires. The semi-rigid type, in wdiich a keel is used to strengthen the struc- 
ture, which extends from bow to stern as shown in Plate 8 is sometimes 
erroneously referred to as a Blimp. It is much more rigid than the simple 
gas bag types but is not as costly to construct nor as strong as the rigid 
types improved from Zeppelin practice. These are capable of speeds from 
35 to 50 miles per hour and are provided with lifting planes and rudders 
to facilitate control. Where the lifting planes are used it is not always 
necessary to change the amount of gas in the container or to throw out 
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ballast to obtain di|Ferent altitudes. These changes may be obtained by 
manipulation of the rudders, and as the gas is retained for longer periods 
it is possible to make longer trips without excessive wastage of gas. This 
type was extemporized to meet an emergency and at the present date, even 
the small non-rigid type has been greatly improved. Attention is directed 
to the illustration at Plate 9 which shows the Goodyear 'Tilgrim,*' a small 
airship of 50,000 cubic feet capacity. It is 105 feet long and 31.5 feet in 
diameter. 

The Pilgrim, A Goodyear Blimp. — ^This interesting small dirigible was 
described by H. T. Kraft, in Aviation and a summary of its characteristics 
•given that should interest the student. The general layout of The Pilgrim 
deviates considerably from past practice of non-rigid airship design, the 
principal changes being in the sus])ension, nose construction, keel construc- 
tion, and fin design. The ship has some characteristics of a semi-rigid 
which allow it to be housed in the hangar at zero pressure without serious 
deformation of the hull and thereby considerably reduces fabric tension 
and the occasion for high diflfusion. The keel is a magnesium girder of tri- 
angular section, tapering at the ends and is 21 feet long. The keel weighs 
but 30 pounds and is laced on the inside of the envelope after the ship is 
inflated. It is readily removable and full facilities are offered for adjust- 
ing any of the suspension cables that radiate to the top of the envelope and 
there spread out into two longitudinal catenaries. The result is that the 
ship maintains practically a circular cross section at all times except for a 
slight indentation at the point of attachment at the top of the envelope. The 
car is suspended to this keel by a series of wires which are very short and 
rigid and the difficulty of perfect adjustment of these cables is entirely 
eliminated. 

At the rear of the car there is a steel ‘Svishbone” which fastens to the 
keel at the center of gravity of the engine. This wishbone acts primarily 
as a torque arm to relieve the car of torsional reaction of the engine. The 
^engine is mounted to a combination rubber and fabric base which is fastened 
to the car, eliminating any direct mechanical connection between the power 
plant and the car. The upper end of the Avisliboiie is also fitted with similar 
material to dampen the vibration and iiicor])orates a ball and socket joint 
to allow free articulation at the point of attachment to the keel. A 
Reed four blade jirojiellcr with spinner is used which gives a highe!' effi- 
ciency than the wooden type. The jmqieller weighs but 32 pounds. 

The entire car is constructed of steel tubing of 0.03 inch w^all 0.75 inch 
diameter. The car is covered with 0.02 inch magnesium sheeting with 
watch case crystal celluloid windows of heavy gage. One section of the 
car was given a 5,000 pound static load before it failed, wdiich indicates that 
the car is very light and strong and will withstand severe landing shocks. 
The interior of the car is u])holstered in blue mohair velour wdth mahogany 
finished veneer below the window lines. Scats are provided for one pilot, 
two passengers and a cockpit at the rear for the motor mechanic. 

The fuel system consists of a Stewart Vacuum tank which works satis- 
factorily on a small engine of this horsepower. The engine is a 60 hp. 
Wright Gale (L-4), three cylinder radial and has a crescent shape exhaust 
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manifold leading? the exhaust down to a muffler which considerably reduces 
the exhaust noises. The instrument and controls are conveniently located 
on board ahead of the pilot with throttle and spark control arranged on 
the left side of the pilot seat. The rudder bar is provided for directional 
control with the elevator wheel at the right side of the pilot’s seat for ver- 
tical control. 

The envelope has a capacity of 50,(X)0 cubic feet of helium gas and has 
an aspect ratio of 3.4 to 1. Two valves are provided, one for discharging 
gas in extreme emergencies and the other for ballonet control. During all 
general flying conditions there should be no cause for valving helium in 
view of the great controlability of the ship dynamically. The nose cone 
construction is a rather radical departure from the usual design. The struc- 
ture consists of a tube 16 feet long. 3.5 inch in diameter of 0.03 inch wall 
and has six radiating cables which attach to the interior of the envelope. 
These cables greatly tend to hold the nose out even at zero pressure. It is 
of the self energizing type and resembles a bow and arrow construction 
where the tube represents the arrow. Stability is an item of importance 
on a small ship of this t\ i)e and large surfaces well streamlined were de- 
cided upon to give the shi]) excellent maneuvering qualities. 

The envelope is 105 feet long and 31 feet 6 inches in diameter. This 
shape being selected because of less resistance as well as being economical 
from the standpoint of surface area. The hull has but one ballonet with 
its center of volume located over the center of dis])osable load so that 
tluire should never be any serious out-of-trim conditions during flight. 
The shi]) has a s])eed of 51 m.]).h. and a fuel consumpti(m of 4.6 gallons per 
hour. While ])rovisions are made for carrying two passengers and the 
pilot, the number carried depends u])on the desired cruising radius and the 
desired ceiling. Tha gasoline tank has a capacity of 32 gallons. 

A small mooring mast attachment is on the ship. It consists of a 32 
inch diameter aluminum si)inning secure!}" bolted to a fabric reinforcement 
located on the under side of the ship near the nose. This was done for 
sini})licity of attachment and the satisfaction of having a mast that is but 
16 feet high which can be easily transported and erected in a few" minutes. 
The release is either controlled from the ground or from the car and the 
mcclyinism consists of a doll [liii which is Avithdrawn by a cord and permits 
the ship to be released at will. 


Characteristics 

TYPE AD AIRSHIP 

HULL 

Envelope 

Volume (theoretical) 

Volume (with •stretch) 

Length 

Diameter of envelope 

Height of ship 

Width of ship 

Fineness ratio 

Surface area 


50,068 cu. ft. 
52,570 cu. ft. 
105 ft. 6 in. 

31 ft. 1 in. 

44 ft. O' in. 
40.7 ft. 

1 / 3.4 

881 s(]. yd. 
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Ballone^ 

Volume 13,750 cu. ft. 

Per cent of envelope volume 27.5 

Surface area 219.6 sq. yd, 

CeiliiiR: of ship (based on bal. vol.) 10,500 ft. 


Control and Stabilizing^ Surfaces 

Area sq. ft. 


Lower vertical fin 98 

Upper vertical fin 127 

Horizontal fins (2) 238 

Rudder 54.5 

Elevators (2) 99 


Act. wt. 
43 lb. 

50 lb. 

94.75 lb. 

24.75 lb. 
49.10 lb. 


Total 


,616.5 261.60 lb. 


CAR 

General Dimensions and Characteristics 


Lcng^tb 
Width ... 
Hei^^bt . . 
Structure 
Covering: 
Seats . . . . 


14 ft. 6 in. 

3 ft. 9 in. 

5 ft. 9 in. 
.Steel tubing 
Afagnesiurn 

4 


Povjer Plant Characteristics 


Motor (1) 60 bp. Lawrence 

R.p.ni 6/ 60 bp 1850 

Propeller 4 blade, Curtiss-Reed dural 

Diameter 6 ft 5 in. 


MISCELLANEOUS WEIGHTS 

Hull 


Envelope 619 lb. 

Ballonet 155 lb. 

.Surfaces 262 lb. 

Envelope accessories 312 lb. 

Total 1348 lb. 

Car 

Structure 409 lb. 

Motor 175 11). 

Propeller 29 lb. 

Suspensi()n be.am 62 lb. 

Total 675 lb. 

LIFT ANl; WEIGHT SUAIMARY 

Gross lift (beliinn) (a 56 1-1000 vol. — 52570. ... 2944 lb. 

Hull dead weights 1348 lb. 

Car dead weights 675 lb. 

Useful load 921 lb. 

Useful load per cent of total lift 32.4 lb. 

DISTRIBUTION OF USEl'UL LOAD 

Pilot 180 lb. 

Passenger 180 lb. 
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Mcclianician 180 1b. 

IV.'ichutes (3) 60 1b. 

Gasoline and oil 214 lb. 

Water ballast 107 lb. 


Total 921 lb. 

PERFORMANCE DATA Full Half 

power power 

b\u*l and (»il consumption — hp./hr.. 0.54 lb. 0.27 lb. 

Horsepower 60 30 

Fuel and consumption — br 32.4 lb. 16.2 lb. 

Endurance — hours 6.61 13.22 

Speed mi./lir. — cstiinaled 50 39.7 

Range — mile 330 525 


50% incr(‘ase In r.in^e if g^a.soline is substituted for water 
ballast 

A Metal-Clad Rigid Airship. — Several years ago, an organization of lead- 
ing men in the aitloniolive industry formed a development syndicate that 
had as its primary ])urp()se the development of a rigid airship that would be 
< durable and permanent in construction, fire and weather proof, operative 
in all kinds of weather, and economical in the use of gas and it was decided 
that an aiiproximately all metal construction would be necessary to attain 
these objects. Ralph l\, U])son, a practical aeronaut and an authority with 
wi(k experience with lighter-tlian-air craft and one of the pioneer operators 
of such airships in this country became the Chief Engineer for this group. 
In a ])aper read before the Society of Automotive Engineers and published 
in the S. A. E. Journal the subject of metal-clad airships was discussed in 
a very thorough manner and a description was given of some of the pre- 
Jfmiiiary steps that had been taken in the design and con .struct ion of an 
airship of a/)out 200, (XX) cubic feet capacity. It is from this paper by Mr. 
Upson that the folJcnviii<^r excerpts have been reprinted, hut as must be 
evident, due to sjiace limitations, only the high spots of this absorbing sub- 
ject can be touched on. 

The first suggestion in the line of a metal airship, of which we have any 
record, is due to bather Eana in 1670. He proposed a car to be supported 
by foflr hollow spheres of very thin copper, from which the air was to be 
exhausted, thus making them lighter than air. Propulsion was to be by 
a sail, which was of cour.se a fallacy, hut'otherwise the scheme was scien- 
tifically sound. It was impossible of realization, not through any violation 
of natural laws, but because no known material of such necessarily thin 
gauge could stand the outside pressure. With all the improvement in ma- 
terials in the last three and one-half centuries we are still far from any 
possibility of a airship. By filling the hull with a light gas, how- 

ever, and thus replacing the severe com])ressive stresses with a preponder- 
ance of tensile stresses, the mr/al airship becomes thoroughly feasible. 

In 1897 an Au.strian named Schwartz designed a sheet aluminum air- 
ship, the construction of which was actually finished after his death. It 
was inflated by fabric gas cells and got into the air but it could hot be 
operated due to serious faults in the structure, power plant and controls. 
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Zeppelin's first metal-framed airship was also a failure but his gppius and 
perseverance won 6ut in the end, and the duralumin framed Zeppelin bcr 
came the world's standard in airship construction. In a way it had too 
much success for the good of airship development generally for, although 
the Zeppelin itself was greatly improved by refinements of design and con- 
struction, it naturally discouraged further radical changes, especially dur- 
ing the War. Since the War however the very attractive possibilities of 
metal construction have proved irresistible. 

Already the all-metal airplane is a practical reality, being made from 
the same duralumin that had previously been developed for the framing of 
. airships. Why not use the same material for gas bag covering. 

The assumed duralumin plating weighed approximately four times more 
, per square foot than the fabric cover of the usual rigid dirigible covering. 
Yet the total weight for ships of equal capacity was less! The result was 
due largely to the manner in which the single metal surface was made to 
serve a number of different purposes, made possible by the homogeneous 
character of the structure. Considered as a cover, the metal serves the same 
purposes as the fabric outer cover but does it more efficiently by eliminating 
the flapping and moisture absorption so common to fabric. That is, how- 
ever, only the beginning. In the Metal-clad ship the surface plating also 
holds the gas and, in combination with the frame members, carries most ’ 
of the stresses.* The general principle of construction is similar to that 
of a steamship, in which the frame and plating are neither of them struc- 
turally self-sufficient, but each supports and reinforces the other. Thus the 
present design is far more than and essentially cliflerent from a mere metal- 
covered airship. 

Requirements of Metal Hull Structures, — The most fundamental and 
obvious requirement for any metal structure is that it shall not be re- 
peatedly strained beyond the clastic-limit of the material. In effect thU 
necessitates a thoroughly rigid non-deformable structure. If this rigidity 
were to be maintained throughout the entire hull by structural stiffening 
alone, the weight would be almost prohibitive. Much therefore depends 
on building the hull originally of such form and arrangement that the 
tendency toward distortion is reduced to the minimum. A non-rigid air- 
ship is a familiar example of how a natural balance of forces produces a 
certain rigidity in an otherwise flexible envelope. ^ 

Formerly it was thought that an airship had to be long and slim to go 
through the air easily and have proper stability. Directly or indirectly, 
this false assumption has been the guiding hand of airship construction 
for a quarter century. Count Zeppelin based his design on it. The semi- 
rigid airship was created for it. The non-rigid airship was greatly com- 
plicated by it. For the Metal-clad ship, good structural Efficiency requires a 
fairly short and com])act hull. The problem was approached by Mr. Upson 
confident that with the proper curves such a shape could be made efficienjt. 
The results are rather surprising. According to the best evidence avail- 
able, the Navy wind tunnel, the new hull form has a lower resistance for 
equal volume than any shape hiherto produced. This is for a length- 
diameter or fineness ratio of only 2.8 to 1.0 compared with 7.2 to 1.0 for 
the most recent Los Angeles and 8.6 to 1.0 for the Shenandoah. 
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Mechanician y . . . 180 lb. 

Parachutes ( 3 ) 60 lb. 

Gasoline and oil 214 lb. 

Water ballast 107 lb. 


Total 921 lb. 

PERFORMANCE DATA Full Half 

power power 

]"uel and oil consumption — hp./hr.. 0.54 lb. 0.27 lb. 

JJorscpow(M- 60 30 

I'uel and consumption — hr 32.4 lb. 16.2 lb. 

luidurance — hours 6.61 13.22 

Speed mi. /hr. — estimated 50 39.7 

Ran^e — mile 330 525 


50% increase in ran^^e if ^asolitie is substituted for water 
ballast 

A Metal-Clad Rigid Airship. — Several years ago, an organization of lead- 
ing men in the antomotive industry formed a development syndicate that 
had as its i)rimary ]nir])ose the development of a rigid airship that would be 
* durable and permanent in construction, fire and weather proof, operative 
in all kinds of weather, and economical in the use of gas and it was decided 
that an a])proximately all metal construction would be necessary to attain 
these objects. Ral])h II. U])son, a i)ractical aeronaut and an authority with 
wid^ experience with lighter-than-air craft and one of the pioneer operators 
of such airships in this country became the Chief Engineer for this group. 
In a ])aper read before the Society of Automotive Engineers and published 
in the S. A. K. Journal the subject of metal-clad airships was discussed in 
a very thorough manner and a descrii)tion was given of some of the pre- 
^liminary steps that had been taken in the design and construction of an 
airship of about 200,000 cubic feet capacity. It is from this paper by Mr. 
Upson that the following excer])ts have been reprinted, but as must be 
evident, due to space limitations, only the high spots of this absorbing sub- 
ject can be touched on. 

The first suggestion in the line of a metal air.ship, of which we have any 
record, is due to Father Lana in 1670. He proposed a car to be supported 
by foflr hollow sjdieres of very thin copper, from which the air was to be 
exhausted, thus making them lighter than air. Propulsion was to be by 
a sail, which was of course a fallacy, but' otherwise the scheme was scien- 
tifically sound. It was impossible of realization, not through any violation 
of natural laws, but because no known material of such necessarily thin 
gauge could stand the outside ]wessure. With all the improvement in ma- 
terials in the last three and one-half centuries we are still far from any 
possibility of a vacuum airship. By filling the hull with a light gas, how- 
ever, and thus replacing the severe comjircssive stresses with a preponder- 
ance of tensile stresses, the metal airship becomes thoroughly feasible. 

In 1897 an Austrian named Schwartz designed a sheet aluminum air- 
ship, the construction of which was actually finished after his death. It 
was inflated by fabric gas cells and got into the air but it could hot be 
operated due to serious faults in the structure, power plant and controls. 
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Zeppelin's first metal-framed airship was also a failure but his gpuius and 
perseverance won dut in the end, and the duralumin framed Zeppelin be- 
came the world's standard in airship construction. In a way it had too 
much success for the good of airship development generally for, although 
the Zeppelin itself was greatly improved by refinements of design and con- 
struction, it naturally discouraged further radical changes, especially dur- 
ing the War. Since the War however the very attractive possibilities of 
metal construction have proved irresistible. 

Already the all-metal airplane is a practical reality, being made from 
the same duralumin that had previously been developed for the framing of 
airships. Why not use the same material for gas bag covering. 

The assumed duralumin plating Aveighed approximately four times more 
per square foot than the fabric cover of the usual rigid dirigible covering. 
Yet the total weight for ships of equal capacity was less! The result was 
due largely to the manner in which the single metal surface was made to 
serve a number of different purposes, made possible by the homogeneous 
character of the structure. Considered as a cover, the metal serves the same 
purposes as the fabric outer cover but does it more efficiently by eliminating 
the flapping and moisture absorption so common to fabric. That is, how- 
ever, only the beginning. In the Metal-clad ship the surface plating also 
holds the gas and, in combination with the frame members, carries most 
of the stresses." The general principle of construction is similar to that 
of a steamship, in which the frame and plating are neither of them struc- 
turally self-sufficient, but each supports and reinforces the other. Thus the 
present design is far more than and essentially different from a mere m*etal- 
covered airship. 

Requirements of Metal Hull Structures. — The most fundamental and 
obvious requirement for any metal structure is that it shall not be re- 
peatedly strained beyond the elastic-limit of the material. In effect thif) 
necessitates a thoroughly rigid non-deformable structure. If this rigidity 
were to be maintained throughout the entire hull by structural stiffening 
alone, the weight would be almost prohibitive. Much therefore depends 
on building the hull originally of such form and arrangement that the 
tendency toward distortion is reduced to the minimum. A non-rigid air- 
ship is a familiar example of hoAv a natural balance of forces produces a 
certain rigidity in an otherwise flexible envel()])e. ^ 

Formerly it was thought that an airship had to be long and slim to go 
through the air easily and have proper stability. Directly or indirectly, 
this false assumption has been the guiding hand of airship construction 
for a quarter century. Count Zeppelin based his design on it. The semi- 
rigid airship was created for it. The non-rigid airship was greatly com- 
plicated by it. For the Metal-clad ship, good structural efficiency requires a 
fairly short and compact hull. The problem was ai)proached by Mr. Upson 
confident that with the proper curves such a shape could be made efficienj:. 
The results are rather surprising. According to the best evidence avail- 
able, the Navy wind tunnel, the new hull form has a lower resistance for 
equal volume than any shape hxherto produced. This is for a length- 
diameter or fineness ratio of only 2.8 to 1.0 compared with 7.2 to 1.0 for 
the most recent Los Angeles and 8.6 to 1.0 for the Shenandoah. 
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The improvement in aerodynamic stability is even more striking. With 
a new fin arrangement totalling 17 per cent less area thafi the Zeppelin type 
surfaces, for equal volumes, the stability and control is more than timcc as 
good, and studies now under way give promise of still better results. This 
almost revolutionary improvement is largely due to the detail of the fin 
arrangement in which a greater number of small units, in this case eight, 
is used, instead of the four that became conventional about 10 years ago. 
The aerodynamic lift is almost double that of the long, slim hull for equal 
volumes. 

Metal-Clad Hull Construction.— The hull is entirely of metal except for 
an internal fabric diaphragm separating the ballonet or air-compartment 
from the gas above. This diaphragm yields with varying proportions of 
gas and air in the same way as the bottom portion of the gas cells* in a 
conventional rigid airship. In the MC-2 the general design of which is 
shown in Fig. 13 the ballonet diaphragm Avill normally be kept flat down 
against the bottom of the hull, in effect making a metal container of the 
entire hull throughout the greater part of which the gas is in direct contact 
with the metal. This highly desirable arrangement naturally depends upon 
having a reasonably gas-tight surface. 

Early encouragement of the possibility of gas-tight seams in duralumin 
sheet was had by analogy with steel gasometers that are much tighter and 
more satisfactory than any made of fa1:)ric. Many differenV types of seam 
were tried without success. However it was ai)parent that if the same 
rivet spacing and other dimensions as used in gasometer ])ractice could be 
reduced in proportion to the thickness of sheet, the results should be com- 
parable. The big trouble was the enormous number of tiny rivets, which 
is about 3,000,000 in the small MC-2, that wouhl be required. This problem 
has been solved by the successful deveh)pment of a s])ecial riveting ma-' 
ehine that automatically puts in more than 5,000 rivets per hour and does 
it much better than would be possible by hand. 

The only thing that was not present in the (luralumin seam was the rust 
that works into the scams of a steel gasometer and ])lays an important part 
in making it tight. This property is supplied to the seams independently 
by a specially prepared seam do])C. Tests have averaged less than one- 
tenth the leakage usually specified for gold-beater-skin fabric. This in- 
cludes^results throughout an extreme range of temperature and after very 
pronounced vibration, although exi)eriments at the Hureau of Standards 
indicate practically no vibration from aerodynamic causes. The strength 
of the standard seam is greater than the yield-point of the material. 

Material Used for Metal Hull. — The material itself which is but 0.008 
inch gauge and weighs 0.14 pound per scpiare foot is a development of the 
duralumin manufacturers who have c()-oi>eratcd in a very fine way to render 
their product available in the form needed. The art of rolling a very long 
and wide fine-gage duralumin sheet that is unusually flat for the tempered 
condition and with the gauge closely controlled is a peculiarly American 
work of the last 3 years and beyond anything that has been done in Ger- 
many, England or France. It is interesting to note that the fabric ordi- 
narily used for making a non-rigid hull is 0.021 inch thick and weighs 0.11 
pound per square loot. Duralumin, although much less corrosive than 
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steel, still needs a protective coating for the best results ; and an extremely 
light and efficient preparation has been found for the purpose. The pat- 
terning of the surface follows the same general principles as with fabric, 
but special equipment had to be devised to take care of the greater ac- 
curacy required. The internal frame-members are simple in form but have 
involved practical difficulties of shaping to the exact curve and angle. 

Mr. Upson stated that hydrogen would be used for inflating the metal- 
clad on account of its availability, cheapness, lifting qualities,, and the fact 
that it can be used for reserve fuel, which will reduce the weight of water 
ballast recovery apparatus. That hydrogen in a metal hull is at least as 
.4afe as gasoline in a metal tank should be fairly obvious. If helium is de- 
sired, however, it can be used to better advantage than in a fabric airship 
because of the almost negligible leakage through the metal hull, and the 
higher gas purity that can be maintained. Even with helium, it is a great 
asset that the surface of the ship itself is fireproof. 



Fig. 13. — Diagrams Showing Main Details of Metal-Clad Airship of 200,000 Cubic Feet 
Capacity in which Sheet Duralumin Replaces Rubberized Fabric as Material for the 
^ Gas Container, 

Several questions have been raised as to the effect of the high thermal 
and electrical CDiiductivities of the hull, the common idea being appar- 
ently that these would be unfavorable operating-factors. Actually they 
arc just the reverse. The metal surface heats-up considerably in the sun, 
when not in motion, but this is usually an advantage at the start? In 
operation, thermal disturbances in the lift are eliminated by keeping the 
gas at the same temperature as the outside air. Indications are that the 
highly conductant metal surface tends to a])proach this ideal when in rapid 
motion through the air, most of the radiant heat being carried off again 
as fast as received. 

In respect to electric conductivity all authorities seem to be agreed that 
the metal airship will be absolutely static proof and almost, if not entirely, 
lightning proof. The only danger conceivable from lightning is that a 
sudden charge might cause a momentary current so severe as to produce 
local fusion of the material. This has been observed in the case of wires 
where the current is restricted to one dimensional flow, but for a flat sur- 
face it seems at least reasonable to suppose that any charge would spread 
out over enough area to prevent melting through at any one spot. 
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Notable Airship Flights. — The flight of the airship Norge from King’s 
Bay, over the North Pole and to Teller, Alaska, in May, 1926 was an out- 
standing achievement. During the War, a Zeppelin airship, the L59 flew 
from Jamboli, Bulgaria to German East Africa and return. The airship 
was in the air for 100 hours, travelled about 4,500 miles and upon its 
return there was enough fuel for 50 hours more of travel. The airship 
''Bodensee” built for passenger service in Germany after the war made 
regular trips between Berlin and Friedrichshafen and in 98 days carried 
2,380 passengers about 32,300 miles together with 18,000 pounds of bag- 
gage and express matter. The English airship the R34 flew from East 
Fortune, England across the ocean to Mineola, L. L, New York and return 
in July, 1919. It was in the air 108 hours and covered 3,600 miles coming 
over and 3,450 miles in 75 hours, going back. 

The only flight of a non-rigid airship of any great importance was that 
of the Navy’s C-5, Avhich flew from Montauk, Long Island, to St. Johns, 
Newfoundland, in 1919. The ship covered a distance of about 1,200 miles 
in 25 hours. The West Coast trip of the airship Shenandoah was one of 
the greatest achievements of any lightcr-than-air craft ever built. On this 
flight, the wShenandoah traveled 9,317 miles and was away from her hangar 
19 days and 19 hours, crossing mountain ranges, deserts, plains and sea, 
from the Atlantic to the Pacific, and from Canada to Mexico, experiencing 
all varieties of Aveatlier and climate, much of which was adverse. This 
cruise was made without the availability of a shed or hangar, and newly 
ere^'ted mooring masts were depended upon to provide facilities for fueling, 
gassing, ])rovisioning and repair. The next flight of interest was that of the 
Los Angeles which covered 5,100 miles in October, 1924, in 81 hours in a 
flight from Friedrichshafen, Germany to Lakehurst. The Atlantic Oceau, 
in this flight, was crossed in 04 hours. This ship, in February of 1925, also 
•made a voyage to Bermuda and back, mooring at the U.S.S. Patoka, the 
only ship afloat Avith a mooring mast. It has made frequent flights, accom- 
panying the Navy battleships in maneuvers both in Northern and Southern 
waters, and it has been a familiar sight to residents of the Eastern and 
Ncav England States. 

Airship Control. — In discussing the subject of control of dirigibles one 
must distinguish between static control and dynamic control. The former 
meatiB of ascending and descending is just as in a free balloon, by valving 
gas to descend and throwing olT or discarding ballast to lighten the ship in 
ascending. When expensive gases are used for sustentation it will be evi- 
dent that static control Avill be resorted to only in emergencies as valving 
gas means a loss of valuable material, especially when helium is used. 
Dynamic control is by surfaces at the stern that act similar to the same 
type of control members used on airplanes. As long as the airship is mov- 
ing fast enough to have steerage Avay, the controls are effective, reaching 
their maximum effectiveness at the highest dirigible speeds. Horizontal 
surfaces that are fixed act as stabilizers and the usual vertical fins or 
stabilizers are likewise provided. When the airship has steerage way, 
moving the vertical rudder Avill steer the ship in a horizontal direction and 
operating the elevators will cause the ship to nose up or down as the case 
may be depending on the direction and degree of inclination of the eleva- 
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tors. The point about which the airship swings is the center of gravity 
and in most airships this is very close to the center of buoyancy. Owing 
to the large size of an airship, its movements, when under dynamic control 
are slow and deliberate and the control is much more dependent upon the 
wind and the direction from which it conies than is the case with the 
smaller and faster moving airplanes. The same principles that obtain in 
steering an airplane apply to dirigibles, which has no need for ailerons as 
the airplane has, because such a large vessel is not banked in making turns, 
this being unnecessary because of the method of sustentation by static 
means, which is independent of the speed at which the hull moves. The 
buoyancy of the gas resists the attraction of gravity, not an air reaction 
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Fig. 13 A. — Diagram Showing Influence of Side Wind Acting on Nose of a Moored 

Airship. 


under supporting jilanes. When an airship is moored, however, it should 
be so attached that it will always head into the wind. A wind hitting the 
nose of an airship even at a slight angle will tend to swing it around, as 
clearly shown at Fig. 13A; because the resultant force, even though it is 
relatively small acts against the large exposed area forward of the center* 
of gravity and the area of the vertical fins is not sufficient to counteract it. 

,This must be resisted by the vertical rudder. 

Safety of Rigid Airships. — The dangers that the rigid aircraft princi- 
pally face are lire, w^eather, construction mistakes and operating mistakes. 
The fire hazard can be dismissed at the outset. With well-built airships 
skillfully operated, the danger of lire is small even if inflated with hydrogen. 
In a helium ship the risk is practically non-existenl. Only a few' shii)s^have 
been lost due to mistakes in construction and these mistakes ap])arently had 
to happen once as part of the price to be paid for progress. Operating mis- 
takes have been made and because the consequences have been spectacular 
they have attracted more attention than all the safe flights that have been 
made. 

But commercial airshij^s have totaled some 5,000 hours in the air, flown 
175,000 miles, and carried 40,000 ])assengers without accident — not to men- 
tion the vast flying experience of the military ships. The only prevention 
against recurrence of accidents due to errors in judgment is thorough and 
complete training of flying crew s and ground crew's. An airship has a high 
degree of stability and safety but it must be operated by men fully 
acquainted with its characteristics and able to adjust their plans thereto. 
Now as to the various weather phenomena and their influence on rigid air- 
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ships as outlined by the engineers of the Goodyear Tire and Rubber Com- 
pany, Akron, Ohio, who, through their subsidiary the Goodyear-Zeppelin 
Company, control these patents and processes in the United States. 

Rain — The cover of the airship is doped to resist water. Rain is only 
an inconvenience. Snow — On account of the speed of the ship the snow 
blows off in flight, except wet snow, in which case the commander will 
slightly change the altitude of the ship and get into drier air. If the snow 
falls on the ship at the mast it may be necessary to take off and make a 
short flight to give the wind a chance to clear it off. Hail — Even the 
largest hailstones do no damage to the airshi]), as the outer cover has the 
same strength as metal of the same thickness and is, of course, more resili- 
ent. 

Cold — The lift of the ship is better in cold weather than in warm and 
permits extra provisions being made for the comfort of the crew if neces- 
sary. Heat — This has some effect on the buoyancy since the air is lighter 
and more rarified but offers no si)ecial operating difficulties. Airships have 
flown successfully in the tro])ics. 

Wind — The effect of wind on the airship is not entirely understood be- 
cause of the com])aris(ni of its effect on anchored objects like trees or 
houses or those moving slowly like ocean vessels. The airship, however, 
is moving with the air currents. If a shij) were to fly in a 60-mile gale with 
all its engines shut off like a free balloon, the passengers would be con- 
scious of no sense of motion at all. If they stuck a hand out of the window 
there would be no rush of air ])<ast it. The airshi]) during such a gale is not 
subject to anything like the stresses tugging at a house which cannot move, 
or a ship at sea whose res])onse to the wind’s movements is im])eded by the 
water. If the wind is moving in the same direction as the ship it merely 
increases its si)eed to that extent. If flying against the Avind its forAvard 
speed is retarded. An 80-mile-an-hour airship bucking a 30-mile Aviiid 
would be actually making only 50 m.]).h. The airshi]) ])ilot figures sbrcAvdly 
to take advantage of Avinds and hunts for storms rather than avoiding 
them. Storms generally move across the country in regular cycles at 
comparatively Ioav forward sj^eeds and Avith a turning movement, counter- 
clockwise, that is in the o])posite direction of the hands of the clock. The 
airship commander, wishing to utilize the storm, maneuA crs to get it at his 
back^o it will carry him in the direction sought. He actuall}^ utilizes the 
storm to save fuel. 

Operation of airshi])s over land, however, has one element which exists 
only in a smaller degree over the ocean — that is local storms, gusts and 
turbulences which result from the uneven character of the ground, hills 
and valleys, and from the unecjual heating of the earth’s surface. When 
the air is warmer at one point than at another the cold air rushes in forcing 
the warm air up. An unequal heating over a considerable area brings about 
uneven winds, thunderstorms and the great loo])s of rising air known as 
line squalls. An airship commander meeting a line squall makes the ship 
heavy, keeping it Ioav down. If the front is too Avide for him to fly around 
he will watch for an opening where the storm is not fully developed and 
break through. The presence of such openings may be recognized by the 
cloud formation by day and the absence of lightning by night. 
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Lightning — The metal framework of the rigid airships forms a ''Fara- 
day Cage” where lightning if it hits the airship is distributed and escapes 
harmlessly through the engine exhaust and at other safe points. Rigid 
airships have been struck l)y lightning many times, even those filled with 
hydrogen. If a commander keeps his ship below the "pressure height” so 
that no hydrogen is being forced out through the valves he can get through 
without difficulty. With helium, of course, the lightning danger doesn't 
exist. 

Fog — The airship has an advantage here over the airplane. Whereas 
a landing in the fog is highly hazardous to an airplane, the airship can 
simply throttle down its speed and descend vertically, feeling its way to the 
moor.mg mast or the hangar. Fogs are usually not accompanied by high 
winds so this maneuver is not difficult. Tornado — This is the one phe- 
nomenon about which complete meteorological data does not exist, but a 
tornado is only a twister or a whirling movement, on a larger scale. Since 
the area of the tornado is usually (|uite limited and its forward speed not 
great the airship should have no difficulty avoiding them. The summary 
completes the various weather phenomena which the airship must en- 
counter. There are no other phenomena not known to science. 

Since the weather offers the chief difficulties for the airship the obvious 
defense here is in exact and definite meteorological reports and a complete 
training of officers and crews. Another highly im])ortant addition to safety 
in airship o])eration is the mooring mast. The airship in flight is highly 
responsive to its rudders. On the ground, with engines shut off, it is 
"walked into the hangar” by a ground crew. Mechanical devices now 
being ])erfectcd largely increase the ease of handling on the ground, even 
if the wind is gusty and changeable, or there is a light cross hangar wind 
blowing. As the mooring mast is ecjuii)ped with fuel, water and gas lines^ 
the ship may remain there for days or weeks. 

Terms Relating to Aerostats 
Principal Parts 

ballonet — A com]:)artment of variable volume constructed of fabric, or par- 
titioned off, within the interior of a l>alloon or airship. It is ifsually 
partially inflated wdth air, under the control of valves, from a blower 
or from an air scoop. By the blowing in or letting out of air, it serves 
to compensate for changes of volume in the gas ccjiitained in the en- 
vefope and to maintain the gas pressure, thus preventing deformation 
or structural failure. By means of two or more ballonets, often used 
in non-rigid airshij^s, the trim can also be controlled. The ballonet 
should not be conBised with gas cell. (Plate 7.) 
ballonet diaphragm — The fabric partition between the gas and air com- 
partments of the envelope of a non-rigid or semi-rigid airship or kite 
balloon. 

basket — The structure suspended beneath a balloon for carrying passen- 
gers, ballast, etc. It is usuallv used on a free or kite balloon. (Plate 
S.) 
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bow-cap— (1) A cap of metal or fabric used to reinforce the extreme for- 
ward ends of the bow stiffeners of a non-rigid or semi-rigid airship. 
(Plates 7 and 8.) 

(2) The conical or cap-shaped structure at the extreme bow of a 
rigid airshij) to which the longitudinal girders are attached and which 
supports the bcnv mooring spindle. (Plate 6.) 

bow-stiffener — A rigid member attached to the bow of a non-rigid or semb 
rigid envelope to reinforce it against the pressure caused by the mo- 
tion of the airship. Sometimes called “nose stiffener'* or “nose batten.** 
(Plates 7 and 8.) 

car — That ]M)rti()u of an airship which is intended to carry power unit or' 
units, ])ersonnel, cargo or equipment. It may be suspended from the 
buoyant ])ortion or it may be built close up against it. It is not to be 
a])plied to ])arts of the keel of a rigid or semi-rigid airship which have 
been fitted for the jiurposes mentioned. (Plates 6, 7 and 8.) 

control car — The car of an airship in which controls are centralized and 
from which it is operated. 

control compartment — A c()mi)artment in the control car of an airship 
from which all controls are operated. It may be compared to the pilot 
house of a ship. 

envelope — The outer-covering of an aero.stat, usually of faj)ric. It may or 
may not be also the gas container. It may l)e divided by diaphragms 
into sejiaratc gas com])artments or cells, and it may also contain 
•internal air cells or ballonets. 

gas cell — One of the gas-containing units fitted in a rigid airship. Some- 
times called “gas bag.*’ (Plate 6.) 

gore — 'flic portion of the envelope of a balloon or airship included between 
two adjacent meridian seams. 

\iull — The main structure of a rigid airship, consisting of a covered elon- 
gated framework Avhich incloses the gas cells and supports the cars 
and eejuipment. May also be applied to the complete buoyant unit 
of any aerostat. Jn this latter sense sometimes called “gas bag.** 

intermediate longitudinal-- An intermediate longitudinal strength member, 
of a rigid airshi]>, wdiich lies between two adjacent main longitudinals 
and is generally of lighter weight and/or smaller dimensions than the 
m^in longitudinals. (Plate 6.) 

intermediate transverse — An o])en unbraced transverse frame of a rigid 
airship Avhich lies between two mam or braced transverse frames. 
(Plate 6.) 

keel — The assembly of members at the bottom of the hull of a semi-rigid 
or rig-id airship which ])rovi(les special strength to resist hogging and 
sagging and also serves to distribute the effect of concentrated loads 
along the hull. It may be a simple (ball’s chain, as in some semi-rigids, 
or a very extensive structure inclosing the corridor, as in most rigids. 
(Plate 6 and 8.) 

lobe — An air or gas inflated bag fitted at the stern of a kite balloon and 
acting as a fin or stabilizer to give it aerodynamic stability. (Plate 5.) 

main longitudinal— A main longitudinal strength member, of a rigid air- 
ship, which connects the various transverse frames. (Plate 6.) 
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main transverse — A main transverse strengthening frame of a rigid airship 
provided with wire or girder bracing and spaced, at regular intervals 
throughout the length of the airship. (Plate 6.) 
observation platform — A platform or small deck fitted on the top of an 
airship and used as a post for a lookout and defense, or as a place 
from which to make observations used in navigating the airship. 
(Plate 6.) 

outer cover — The outside covering of a hull of a rigid airship, usually of 
some kind of fabric. Sometimes called the “envelope.^* 
sighting pendant — A vertical wire on center line and forward of the control 
car of an airship, used as a mark in steering, to assist in determining 
wind direction. 

stern framing — All framework, aft of the cruciform girder, necessary to 
complete the shape and contour of a rigid airship, 
wing car — A car suspended off the center line of an airship. It is also 
called “side car.” (Plate 6.) 
wire: 

antiflutter — A wire in the plane of the outer cover for locally reinforc- 
ing the outer cover in that part of the airship and reducing fluttering 
in flight due to air pressure or propeller wash. Also called “outer 
cover supijort wires.” 

chord — A wire joining the vertices of the polygonal frame of the main 
transverse frame. 

diametral — A chord wire which passes through or near the center gf the 
main transverse frame. It is usually attached to the axial fitting, 
fairing — A wire provided as a point of attachment for the outer cover to 
maintain the contour lines of the envelope of an airship, 
main shear — A diagonal wire taking up main shear loads in the struc- 
ture of a rigid airship. ' 

netting — Diagonal and/or circumferential wire netting fitted between the 
longitudinals over the entire hull of a rigid airship to transmit the 
lift of the gas cells to the structure. Sometimes called “gas pressure 
wires.” (Plate 6.) 

radial — A wire which extends from an axial fitting at the center of the 
transverse frame of a rigid airship to a joint of the frame, 
secondary shear — Additional reinforcing shear wire. 

Detailed Parts and Fittings 

air duct — A tube, usually of fabric, supplying air for filling or for main- 
taining pressure in air-filled parts of an aerostat. ^ 

(a) The duct joining the vertical and lateral lobes of a kite balloon, 
sometimes called “interconnecting sleeve” or “trousers” (British). 

(b) The duct leading from the air scoop or blower of a non-rigid or 
semi-rigid airship to the ballonet or ballonets. 

air scoop — A projecting scoop which uses the wind or slip stream to main- 
tain air pressure in the interior of the ballonet of an aerostat. A 
Similar device is sometimes used on airplanes to produce ventilation. 
(Plate 7.) 
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appendix — The tube, usually located at the bottom of a balloon, primarily 
used for inflation and deflation. Tn the case of a free balloon it may 
also serve as an automatic dischargee opcninge. Originally applied to 
free balloons only. Should be restricted to the various types of bal- 
loons and not applied to airships. 

appendix manhole — An appendix of large diameter and usually rather 
short. It is used more for access than for inflation or deflation. (Plate 

5 .) 

automatic valve — A spring-loaded relief valve fitted to the envelope, bal- 
lonet, or gas cell of an aerostat and set U) open at a ])redetermined pres- 
sure for the purpose of preventing excessive internal pressure. (Plates 
6 and 8.) 

Also applied to a type of valve used on some aerostats which opens 
at a predetermined contained \olunie or hull dimension, 
axial cable — The axial member (usually steel wire cable) sometimes fitted 
in a rigid airship. It is attached to the central fitting of the radial or 
diametral wires of each main transverse and to the hull structure at 
bow and stern. Its pur])ose is to provide sui)t)ort for the radial or 
diametral wires in an axial direction and thus assist them to sustain 
the load which might be caused by une((ual pressure in adjacent cells 
or by the airship being pitched to a large angle. , 

axial cone — The cone-shaped fabric fitting in the end of a gas cell of a 
rigid airship, which ])rovides a gas-light connection of the cell to the 
Axial cable and yet permits the cell some degree of freedom in its 
movements. A sjiccial form of conical sleeve. (Plate 6.) 
band: 

mooring — A band of tape or webbing over the top of a kite balloon to’ 
• which the mooring rojies are attached. It forms ])art of a mooring 
harness. (Plate 5.) 

suspension — A horizontal fabric band securely fastened to the envelope 
of a balloon or airship and to Avhich are attached the main susi)ensions 
of the basket or car, or the captive cable of a kite balloon. (IMate 5.) 

trajectory — A band of webbing carried in a special curve over the sur- 
face of the envelope of an airship to distribute the stresses due to the 
suspension of the car. 

batonet — A special form of toggle, usually quite slender and truly cylin- 
drical excej^t for the groove, and use(kt<^ attach the rigging of a bal- 
loon or airship to a fabric loo]) or suspension band on the envelope, 
box girder — Any girder of rectangular section. Frequently used t® refer 
to the rectangular, longitudinal members in the keel of a rigid airship 
from which fuel tanks and gas bags are suspended, 
bridle — A sling of cordage or wire which has its ends fixed at two different 
points, to the bight of which a single line may be attached, either 
movably or fixed, thus distributing the pull of the single line to two 
points or more in the case of a multiple bridle. This term is also used 
to refer to a towing or mooring line having two legs and intended to 
reduce yawing when towing or mooring, 
bullseye — A circular thimble. 
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catenary — A line or length of cordage which is secured to or in a piece of 
fabric in the form of a catenary curve or a series of such curves. (Plate 
8 .) 

chafing patch — A patch of fabric secured to the envelope of an aerostat to 
protect it from abrasion. 

channel patch — A channel -shaped fabric-fitting secured to the envelope of 
an aerostat to allow a rod or spar to be laced to the envelope, 
climbing shaft — An access shaft fitted with a ladder and leading from the 
bottom to the top of an airship hull. This may be fitted to an airship 
of any type, 
concentration ring: 

airship — A ring to Avhich several rigging lines are led from the envelope 
‘and from Avliich one cjr more lines also leacl tn the car. 
free balloon — A ring to whicli are attached the ropes suspending the 
basket and to Avhich the net is also secured. Sometimes called “load 
ring.” 

conical sleeve— A cone-shaped fabric, fitting in a bag or cell through which 
a line jiasses. Jt ])rovides a gas-tight connection of the bag or cell to 
the line and yet permits both some degree of freedom to move, 
control lines — Idnes of a\ ire and/or stranded cable leading from the control 
car or c()m])artnient to the various ])arts of an airship, and operating 
either thrdugh mechanisms or directly, the rudders, valves, etc., Avhich 
control the s])ecd, altitude, etc., of the airship, 
cradle : 

building — A supjiort ])rovided for the frame of a rigid airshij) or the keel 
of a semi-rigid airship during construction, 
docking — A su])i)ort for the car of an airshi]) Avhile it is being inflated in 
the shed. Mostly used Avith rigid airships, 
crow’s-foot — A system of diverging .short ropes for distributing the pull Af 
a single rope. 

All arrangement in Avhich the strands of a cord are opened out so 
that the\^ can be effectively cemented to a fabric surface, 
cruciform girder — The structure, consisting of vertical and horizontal 
transverse girders, A\hich is fitted at the stern of a rigid airshij) for the 
pur])ose of sui)]K)rting the inboard ends of the stcrniiosts of the fins 
or the rudderj)osts. It may be integral Avith the sternposts which form 
the after ends of the fins. 

drag rope — A long ro])e Avhich can be hung overboard from a balloon so 
as to act as a 1)rake and a varial)le ballast in making a landing. Same 
as “trail roi)es” or “guide ro|)e.” On airshi])s a similar rope, or rojies, is 
used as a haul-down or mooring line by the landing crew. It is usually 
larger and longer than the regular handling lines. Sometimes called 
“grab line.” 

drip flap — A strij) of fabric attached by one edge to the envelope of an 
aerostat so that rain rums off its free edge instead of dripjMiig into the 
basket or car. It also assist in keejiing the susi)ension ropes dry and 
nonconducting. Also called “drip band” and “drip strip.” 

Q-ring — A ring having (as the name imjilies) the shape of a capital D, to 
Avhicli rope suspensions are attached. 
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field-handling frame — A. portable frame which may be attached to an air- 
ship when it is on the ground and which is intended to afford a grasp 
to more men than could get on the handling rails of the cars. These 
frames are rarely carried when in flight, 
finger patch — A special form of patch having extensions or “fingers” ex- 
tending out from the central portion. The “fingers” may be of tape, 
frayed-out rope, or fabric. Their function is to distribute the load 
more widely to the fabric of the envelope or gas cells, 
fin carrier — A frame to which the inboard edge of the fin of a non-rigid or 
semi-rigid airshij) is attached, so as to prevent the edge of the fin from 
sinking into the envelope. 

fin girder — A girder of a rigid airship which goes to make up the fin. 
gas shaft — A duct or shaft leading from the bottom of the gas cells to the 
outer cover of an airship. Tt affords a clear passage for the escape of 
gases which have accumulated in the gangway or corridor, or which 
are discharged from the valves at the bottom of the cells. It usually 
consists of light wooden hoops or frames spaced at intervals on cords 
or wires, and is covered by a netting. It prevents the gas cells from 
closing hard against one another and thus keeps the passage open. 
Sometimes called “gas trunk,” “exhaust-gas shaft,” or “trunk.” 

In view of the possibility of confusion with parts of an engine- 
exhaust system, it is believed that “gas shaft” or “trun^” is to be pre- 
ferred. 

gas-shaft hood — A hood or cowl, located on the outer covei of a rigid air- 
shi]) at the outer end of a gas shaft. It is usually made of light wood 
and fabric and is faced to facilitate the escape of gas. Sometimes called 
“exhaust-gas hood.” 

In view of the possibility of confusion with the parts of an engine 
exhaust system, it is believed that ”gas-shaft hood” is to be preferred, 
gland — A short tube fitted to an enveloi)e or gas bag in such a manner that 
a rope or line may slide through without leakage of gas or air. 
grommet — A small ring of chord. 

handling line — A line attached along the side of an airship for use in 
maneuvering near and on the ground. Sometimes called “grab line.” 
inflatioy manifold — A metal or fabric connection with numerous inlets 
which i)ermit the ])assage of gas at the same time from a number of 
sources (either cylinders or gas holders) to the main inflation tube, 
inflation sleeve (or filling sleeve) — A tubular fabric attachment to an en- 
velope or gas bag, serving as a lead for the inflation tube, 
inflation tube — A fabric tube leading from the inflation manifold or source 
of supply to the inflation sleeve of the gas cell or envelope, 
jackstay — A longitudinal rigging provided to maintain the correct distance 
between various parts or fittings on an aerostat, 
main mooring line — The line dropped from the bow of an airship to be 
coupled to the mast main mooring line. (Plate 6.) 
maneuvering valve — A manually operated valve fitted to the envelope, bal- 
lonet, or gas cell of an aerostat for the purpose of releasing gas or air 
from within the envelope or gas cell when desired. 
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maneuvering-valve hood — A hood, or cowl, located on the outer cover of 
a rigid airship just over a maneuvering valve. It is usually made of 
light wood or fabric and is faced to facilitate the escape of gas. 
manometer-tube gland — A gland fitted to the envelope of an aerostat to 
form a gas-tight connection for the tube leading to the manometer in 
the car. Same as ''pressure-tube gland.’' 
mooring cone — The grooved conical member at the extreme bow of an 
airship which engages wdth a hollow cone at the top of the mooring 
mast and provides the coupling between the airship and the mooring 
mast. (Plate 6.) 

mooring-cone outrigger — The member, usually tubular, which supports the 
mooring cone at the bow of the airship. Sometimes referred to as 
"mooring spindle." (Plate 6.) 

mooring harness — A system of webbing bands, fitted over the top of the 
envelope of a balloon, to which are attached the mooring ropes. 
Usually found only in kite balloons or observation balloons. (Plate 

5.) _ 

mooring line — A line attached near the bow of an airship for securing it to 
the ground or to a mooring mast. 

mooring ring — A metallic ring suspended from one of the forward frames 
of a rigidj airship by wire lines and used for mooring. The vertex of 
a "three-point mooring" is attached to this ring, 
mooring rope — A line attached to a balloon or airship for use in securing 
it to the ground. It may serve the purpose of a "handling line," or vice 
versa. 

net: 

free-balloon — A rigging made of ropes and twine shaped to the upper sur- 
face of the envelo])e, which supports the weight of the basket, etc., and 
distributes the load over the entire upper surface of the envelope, 
gas-cell (rigid airship) — A netting of cord of small mesh which is in- 
tended to assist the fabric of the gas cells in transmitting gas force to 
a wire netting of coarser mesh and to the longitudinals, both being 
fitted between the longitudinals. It may be compared to the net of 
a free balloon. Sometimes called "gas-cell netting" or "cord netting." 
(Plate 6.) , 

inflation — A rectangular net of cordage used to restrain the envelope of 
the kite balloon or airship during inflation. Also applied to a free- 
balloon net designed to be removed after inflation, 
patch — A strengthened or reinforced flap of fabric of special shape and con- 
struction, which is cemented to the envelope on gas cell. It usually 
forms an anchor by which some portion of the structure may be at- 
tached to the envelope or to which the positioning lines, controlling 
the gas cell, may be attached to the cell, 
pressure flap — A flap valve fitted in the outer cover or envelope of a rigid 
airship and arranged to permit the rapid flow of air in and out, par- 
ticularly inward. The purpose is to facilitate the rapid equalization of 
the pressure of the air within the envelope with that of the surround- 
ing air. 
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pressure-relief vent — A small opening in the covering of the fin of an air- 
ship intended to facilitate the equalization of the pressure of the air 
within the fin with that of the outside air. It also provides an outlet 
for any gas that may collect in the fin. 

pressure ti|be — A tube fitted to an envelope of a gas bag, to which a pres- 
sure gauge may be attached. 

propeller reinforcing girder — A light additional member fitted in the struc- 
ture of a rigid airship to reinforce those areas of the outer cover which 
are affected by the propeller wash. 

quadrant — The operating lever, made on the arc of a circle of a control sur- 
face of an airship, e. g., rudder (juadrant, elevator (juadrant. 

rip cord — The ro])e running from the rij) ])anel to the car or basket, the 
pulling of which tears off or rips the ri]) panel and causes immediate 
deflation. 

rip panel — A strip of fabric inserted or fitted in the u])per ])art of the en- 
velo])e of a balloon or semi-rigid or non-rigid airslii]) which is torn or 
ripped o])en when immediate deflation is desired. (Plate 5.) 

rudder (airship) — A hinged or ])ivoted surface, usually attached to a fin 
at the after end of an airshij^ When o])era1ed by the ])ilot it i)roduces 
a yawing moment and gives directional control in the plane at right 
angles to the axis about wdiich it is hinged or pivoted. (Plates 6, 7 
and 8.) 

safety loop — A loo]) formed in a rij) cord and attached to a securing patch 
by a breakable cord or a sjudiig clij). U may be formed either inside 
the envelope and close to the rij) i)anel, or outside the enveloi)e near 
the gland by which the rip cord ])asses through the envelope. Before 
the rip panel can be ''pulled’' the breakable cord must be broken or 
the clij) o])ened. Accidental '‘])ulling” is thus made unlikely, as the 
* weight of the cord is easily carried by the breakable cord or spring clij). 

sandbag line — A roj)e extending along the line of suspension ropes or 
bridles of a kite balloon to wdiich are hooked the sandbags used in 
mooring the balloon. The purpose is to prevent w^ear on the sus- 
pension cordage. 

sandbag loop — A system of cordage loo])s on the envelo])c of a balloon for 
suspending sandbags. See also sa.xduac link. 

sea anchor — An open fabric bag carried on an aircraft and arranged to 
offer considerable resistance when towed mouth first through the 
water. Trii)|)ing or colla])sing devices may be incor])orated in it. 
Also called “drogue.” 

supply tube — An elongated a])])endix or inflation sleeve, fitted on a kite 
balloon, which is brought down to the basket and fitted wdth a quick- 
connection cou])ling. This coujding can be altached to a similar jiiece 
on the deck of the airship and gas may be sent into the balloon shortly 
after it has reached the deck. A similar tube is sometimes used wdth 
airships where constant pressure nurse balloons are used. This is 
rare in the United States. Abso called ''nursing tube.” 

suspension bar — A bar to wdiich the su])|)orting ropes of the basket of a 
balloon are secured. It is also fitted wdth roj)es and toggles for at- 
taching to the basket suspensions from the balloon. Also called 
“trapeze bar,” (Plate 5.) 
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suspension line — ^A line either of cordage or metal which supports the 
weight attached to the envelope of a balloon or airship, 
suspension patch — A patch, secured to the envelope or to a gas cell of an 
aerostat, to which a susi)ension line may be attached, 
thimble — A grooved ring of circular, pear-, or heart-shaped form, generally 
of metal, which is inserted in the eye of a rope or wire to prevent 
chafing or deformation of the eye. 

toggle — A short crossbar of wood or metal which is fitted at the end of a 
rope. The rope ])asses around the mid-length of the bar in a shouldered 
groove. By sli])i)ing it through an eye in the end of another rope, the 
two lengths of rope can be quickly connected or disconnected, 
topping up — The operation of filling up with gas an already partially full 
aerostat. Also ajqjlicd to a similar operation with fuel tanks. Incor- 
rectly called “nursing.*’ 

valve hood — The ajiidiance, having the form of a hood or parasol which pro- 
tects the valve of an airshij) or balloon against rain. Also called 
“valve cover” or “bonnet.” 

valve petticoat — A sj)ecial sleeve between valve and gas container making 
it ])ossiblc to tie off the sleeve and change valves without loss of gas. 
valve seal — A fabric cover used to seal the automatic valves of a rigid 
airship when docked in the shed. Jam pot cover (British). 

V-wires — The ?ower lines of the winch suspension of the kite balloon. 
They meet at the junction i)iece and form V’s ; hence the name. (Plate 

walkway girder — T he girder forming the support of a walkway through the 
keel or in other localities in a rigid or semi-rigid airship. (Plate 6.) 
winch suspension — ddie rigging by means of which the lift and drag of a 
kite balloon is transmitted from the ciivclo[)e to the towing or traction 
cable. (Plate 5.) • 

yaw line— A line dropped from the bow of an airship when mooring to the 
mast to act as a steadying line to prexent yawing and overriding the 
mast. Also called “bow-steadying line” or “yaw guy.” (“Side guy 
wire,” British.) 


Miscellaneous Terms 

aerodynamic volume — The volume of the form which must be ^driven 
through the air. Same as atk volume. 
air volume — The volume of air displaced by the body formed by the outer 
coyer or envelo])e of an airship. It is this volume which enters into 
aerodynamic computations. See aerodynamic volume. 
air-volume displacement (or aerodynamic-volume displacement) — The 
weight of a mass of air equal to the aerodynamic volume of the airship 
in N. A. C. A. standard atmopshere at sea level, 
buoyancy— ^The upward air force on an aerostat which is derived from 
aerostatic conditions. It is ecjual to the weight of the air displaced, 
capacity — The volume of the gas-containing portion of an aerostat, 
center of buoyancy — The center of gravity of the volume of the contained 
gas. 
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dischargeable weight (consumable weight) — All weights which can be 
• consumed or discharged and still leave the airship in safe operating 
condition Avith a specified reserve of fuel, oil, water ballast and pro- 
visions, and her normal crew. 

displacement — The mass of air displaced by the gas used for inflation. It 
may be exi)ressed as a weight of volume. In the latter case it is 
usually called ^‘volume/’ 

disposable weight — All weights other than fixed weights, including dis- 
chargeable weights contrasted wdth fixed weights, q. v. 
fixed weight — The weight of the hull machinery and all equipment and 
parts which are fixed in position and nonconsumable. All constant 
and nonconsumable weights which an airship would carry under all 
conditions of service (British). Liquids in cooling systems of engines 
are included. 

gas volume — The volume of the contained gas. See capacity. 
gross lift — The lift obtained from a volume of buoyant gas equal to the 
nominal gas capacity of the aircraft. Obtained by multiplying the 
nominal gas capacity by the lift per unit volume of the gas used for 
inflation. 

lift (of a gas) — The diflFerence of density of air and the gas. Both are 
supposed to be under the same conditions of pressure, temperature, etc. 
manometer pressure — The excess of pressure inside the 'envelope of an 
aerostat over the atmospheric pressure at a standard reference point. 
The point of reference for the excess of i)rcssure is usually the bottom 
of the envelope or gas cell for airships and the level of the basket for 
kite balloons. 

nominal gas capacity — Tlic volume of the envelope of gas cells of an. 
aerostat under certain conditions of pressure and inflation which have 
been defined. It is rarely the same as the true full volume. This 
is usually very difficult to determine accurately, especially in the case 
of rigid airships. Sometimes called “volume.” 
permeability — The measure of the rate of dilTusion of gas through intact 
balloon fabric; usually expressed in liters of hydrogen per square meter 
of fabric per 24 hours, under standard conditions of pressure and 
temperature. 

pressure height — The altitude at which the gas cells of a rigid airship are 
full, or the gas bag of a non-rigid airship is completely full of gas. 
purity (of gas) — The ratio of the pressure of the hydrogen (or other aero- 
static gas) in the container to the total pressure due to all the con- 
tained gases. 

static ceiling — The altitude in standard atmosphere, at which an aerostat 
is in static equilibrium after removal of all discharged weights, 
volume — The volume of the air displaced by the gas used for inflation, 
useful lift — the lift available for carrying fuel, and oil, passengers, cargo, 
food, and drinking water, guns, ammunition, and bombs. Usually 
determined by deducting from the gross lift all fixed weights; certain 
allowances of ballast, fuel, and oil ; water ; si)ares and tools ; crew and 
equipment. No standard has as yet been established. 
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Operation 

ballast — ^Any substance, usually sand or water, carried in a balloon or air- 
ship and intended to be thrown out, if necessary, for the purpose of 
reducing the load carried and thus altering the aerostatic relations. 
(Plate 6.) 

bow-heavy — The condition of an airship which, when at rest in still air, 
trims with its axis inclined down by the bow. The term “bow-heavy** 
is preferred to “nose-heavy” in describing airships, 
breathing — The passage of air into or out of an aerostat, due to the chang- 
ing of its volume. 

breathing stresses — Stresses produced in an aerostat by breathing. Of 
importance in the envelope and keel of a semi-rigid airshij) due to the 
interaction of envelope and keel when the cnvelo]’)e “breathes.** 
danger cone — A pennant on the wire cal)lc of a captive balloon to warn 
aircraft of its presence. Usually a hollow cone of light cloth, 
deflation — The act of removing gas and air from an aerostat, 
deflation sleeve — Generally a sleeve or aj^pendix made of fabric provided 
for the special purpose of facilitating the deflation of an aerostat. Also 
applied to the sleeve or a])])endix fitted in the lower lobe of a kite 
balloon and used to permit the rapid escape of air in the lobes when 
the balloon'is hauled down. (Plate 5.) 
gassing — The operation of replenishing a balloon with fresh gas to increase 
the purity or to make up for a loss of gas. 
gassing factor — The quantity of aerostatic gas recjuired to maintain an 
aerostat for one year. It is ordinarily ex])resse(I as a percentage of the 
gas volume. 

hog — A distortion of an airship in which the longitudinal axis becomes 
convex upward so that both ends droop. » 

inflation — The act of filling a balloon or airship with gas. 
sag — A distortion of an airship in which the longitudinal axis becomes 
concave upward so that both ends rise, 
stern-droop — A deformation of an airship in which its longitudinal axis 
bends dowmward at the after end. 

stern-heavy — The condition in which, in normal flight, the after end of an 
airship tends to sink and which requires correction by means fof the 
horizontal controls. In this condition an airship is said to “trim by 
the stern.** It may be due to either aerodynamic or static conditions 
or to both. 

superheat — The amount by which the temperature of the gas in the en- 
velope or gas cells of an aerostat is higher than the temperature of the 
surrounding air. If the contained gas has a lower temperature, the 
superheat is said to be negative. 

trim — The attitude of an aerostat relative to a fore-and-aft horizontal 
plane. If the forw^ard end is down, the aerostat is said to have “trim 
by the bow;*’ if the after end, it has “trim by the stern.** 
trim, to — To alter the attitude of an aerostat relative to fore-and-aft hori- 
zontal plane. If the endeavor is to force the bow down, the aircraft 
is “trimmed by the bow ;** if the stern, it is “trimmed by the stern.** II 
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the aircraft shows a tendency to sink by the bow end, it is said to 
‘‘trim by the bow’^ or to be “bow-heavy;” if the tendency is to sink by 
the stern, it is said to “trim by the stern” or to he “stern-heavy.” 

Terms Common to Aerostats and Airplanes 
Parts 

balanced surface — A control surface Avhich extends on both sides of the 
axis of tlic hin^c or pivot in such a manner as to reduce the momen* 
of the air forces about the hin^c. 

controls — A general term a])plie(l to the means ])rovi(led to enal)le the pilot 
to control the speed, direction of flij^ht, attitude, and power of ^n ‘air- 
craft. 

air controls — The means employed to o})erate the control surfaces of the 
aircraft. 

engine controls — The means emi)loyed to contiad the power output of 
the engines. (Control of speed may be effected by the air controls or 
the engine controls independently, or by either in conjunction with 
the other.) 

control stick — The vertical level by means of Avhich the longitudinal and 
lateral controls of an air])lane are oi)erate(l. IMtching is controlled by a 
fore-and-aft movement of the sticks, rolling by a siefe-to-side move- 
ment. 

control surface — A movable airfoil designed to be rotated or otherwise 
moved by the ])ilot in f)r(ler to change the attitude of the airi)lane or 
airshij). 

elevator — A movable auxiliary airfoil, the function of which is to impress, 
a pitching moment on the aircraft. The elevator is usually hinged to 

• the stabilizer. 

fin — A fixed surface, attached to a ])art of the aircraft, ])arallel to the longi- 
tuditial axis, in order to secure stability ; for example, tail fin, skid fin, 
etc. h"ins are sometimes adjustable. 

fixed fuel tank — A fuel tank wliich is not intended or fitted to be (Iroi)ped, 
as “slip” tanks are. 

horn — A short lever attached to a control surface of an aircraft; for ex- 
anjple, aileron horn, rudder horn, elevator horn. 

inspection window A small trans])arent Avindow fitted in the env^elope of 
a balloon or airship, or in the Aving of an airj)lane, to allow inspection 
of the interior. 

rigger One Avho is cmj)loycd in assembling and aligning aircraft. * 

rigging The assembling, adjusting, and aligning of the ])arts of an air- 
plane, or the attachment and adiustment of the car, rudders, x^alves, 
controls, etc., of an airship. 

service tank— A fixed fuel tank near each ])OAvcr unit, into Avhich fuel from 
other tanks is pumped and from Avhich the fuel supplying the engines 
is drawn. 

slip-fuel tank — A fuel tank Avhich is provided Avith a device j^ermitting the 
quick dropping of the tank and contents as a Avhole in case of an 
emergency. Fitted on IxUh airshij)s and air])lanes. 
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stabilizer — A normally fixed airfoil whose function is to lessen the pitching 
motion. It is usually located at the rear of an aircraft and is approxi- 
mately parallel to the plane of the longitudinal and lateral axes. Also 
called '‘tail plane.” In aerostats — same as “fin.” The lobes of a kite 
balloon are sometimes referred to as stabilizers, 
tail group (or tail unit) — The stabilizing and control surfaces at the rear 
end of an aircraft, including stabilizer, fin, rudder, and elevator. (Also 
called “empennage.”) 


QUESTIONS FOR REVIEW 

1.. Describe principal parts of spherical balloon and ^.(ivc its uses. 

2. What is the diiTerence between hydroj^en gas and helium gas and which is best 
for a'rships and why? 

3. Describe briefly nature of helium, its cost and use. 

4. Why is a kite balloon better than a spherical balloon ff)r observation work 
when held captive? 

5. Describe the main features of the rigid type dirigible and give important struc- 
tural details. 

6. Outline differences between semi-rigid and non-rigid types of dirigibles. 

7. Consider briefly the varying si)heres of economic usefulness of the dirigible 
and the airi)lanc. 

8. What is “water recovery” in a dirigible and why is it valuable on this type of 
aircraft and of lu/ value on airplanes? 

9. Name some advantageou.^ features of airships. 

10. What metal is used wddely in airship construction and how is it used? 
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EARLY AIRPLANES AND GENERAL DESIGN 
CONSIDERATIONS 

Henson Airplane— Philips’ Multiplane — Maxim’s Flying Machme — Ader’s and Other 
Machines — First Flights of the Wright Brothers — Lack of Speed an Early Draw- 
back-Plane Forms — Langley’s Tests — Bird and Plane Form Compared — Airplane 
Moves in Three Planes — Bird Flight Difficult to Imitate — Comparing Airplane 
and Bird Flight— Table III, Beaufort Scale of Wind Force — Plane Balancing 
Principles — Airplane Control Methods — Use of Vertical Rudder — Some Early Air- 
plane Designs — Some General Design Factors — Power Requirements of Air- 
planes — ^Table III A, Power Requirements of Early Airplanes. 

Henson Airplane. — One of the first machines l)iiilt to operate on air- 
plane princii)le was clexised by an Enj^lishinan named Henson, and was 
built in 1843. This consisted of a lij^ht framework of wood, covered with 
silk, about 100 feet broad and .30 feet long and was slightly bent upward 
at the front. A rudder ap])roxiniating the shape of the tail of a bird, which 
was .“lO feet long, -was used to steer it in a vertical directioil. The car was 
placed below the main plane and contained the steam ]»ower plant and 
also jtrovided room for the passengers. Proptilsion was to be obtained by 
two propellers which were ])laced on either side of the car, and it was 
proposed to regulate the s])eed of these. By having the propellers mounted 
on a universal driving joint it was jwopnsed to as.sist in turning the ma- 
chine to the right or left by turning the i)ro])ellers, so that the thrust would 
be exerted on an angle instead of in a straight line, as was required to se- 
cure normal flight. Owing to very low horsc])ower and great weight of 
the power ])Iant, the engine <lcvo1oping but 20 IT. I’., the machine was not 
cajiable of leaving the ground. Had the modern light-weight high-powered 
internal combustion engine been available, there is no doubt but that this 
machine would have been able to leave the ground under its own power, 
though, of course, in the light of our present knowledge its speed would 
have l^en low, its fiji ing action ver\ poor, and it would not have been 
capable of making any sustained flight. 

Philips Multiplane. — Horatio rhili])s, ajiother Englishman, built a very 
peculiar form of air])lanc fl}'ing machine in 1862. This model had a sup- 
porting wing area composed of a very large number of very narrow surfaces 
with a long advancing edge, the ])lurality of planes being carried in a 
frame, so that the entire contrivance resembled a huge Venetian blind. 
The height of the frame was about 10 feet, the breadth was 21 feet. The 
whole was mounted on a wheeled carriage shaped like a boat which 
w'as about 25 feet long. It Avas operated over a circular board track and 
was anchored by a ro])e in the model to the middle of the track. The 
weight was less than 300 pounds and tests show that a dead weight of 72 
pounds placed over the front wheels could be lifted 30 feet in the air when 
proper speed had been attained. This proved that airplane surfaces were 
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capable of supporting weight by air reaction. Owing to trouble with the 
power plant very little else was done. His early work, however, was a 
basis from which later types of aerofoils were designed as he proved that 
planes having a long entering edge in relation to the chord were most 
efficient. 

Maxim’s Flying Machine. — A well-known scientist, Sir Hiram Maxim, 
carried out some very interesting experiments in 1881 with a very large 
flying machine built on airplane lines, which is said to have cost over 
$100,000. This consisted of a large main supporting plane with a number 
of smaller aerofoils to the right and left of it, the whole having an avail- 
able supporting area of 3,875 square feet. The planes were connected to 
a platform 40 feet by 8 feet by means of a framework built of thin-walled 
steel tubes, this platform forming the support for the boiler and engine and 
absolutely no provision was made for streamlining as the effect of parasitic 
resistance was probably unknown at that time. It is only since the World 
War that this subject has been given the attention it deserves. The di- 
ameter of the propellers was over 17 feet. The vertical movement of the 
machine was controlled by two horizontal planes, one of these being placed 
at the front of the machine, the other at the back. Horizontal movements 
were to be controlled by two planes inclined to one another at an angle 
of about 8 degrees and arranged on either side, so as to be cai)able of being 
raised or lowered. The result of this movement was to shift the center of 
gravity and consequently alter the direction of motion. The entire ma- 
chine weighed 7,000 pounds, and in the experiments it was mounted on 
four flanged car wheels and o])er'ited on a railroad track. In order to 
control the upw^ard motion of the machine an overhead rail was placed 
.over the top. With a steam pressure of 300 pounds (this machine being 
driven by steam, as it was the only power plant then available) the machine 
rose from the lower rails and came into contact with the upper ones* 
During a test made some time later the u])]>er rail was broken as a result 
of the impact and the machine flew across a field, and on landing was par- 
tially destroyed. This is the first record of a successful flight by a heavier- 
than-air machine in Avhich the propulsive power was furnished by' a 
power plant forming a part of the machine structure. The dynamometer 
test showed that a weight of 5,000 pounds would have been lifted in addi- 
tion to that of the machine and as can readily be seen, had the light tveight 
internal combustion engine been available, it is conceivable that aerial 
flight might have been solved years earlier than it was. It was about this 
time that Daimler was perfecting his first crude internal combustion motor, 
which at that time was not built in powerful and light multiple-cylinder 
forms, but only in the simple single-cylinder and two-cylinder V types of 
limited horsepower that were considerably heavier than modern engines of 
fifty times their power. These experiments would lead one to believe that 
it is possible to build airplanes of considerably greater weight than any 
which have been so successful in modern flying and very large aircraft of 
the heavier-than-air type have l)een proposed that w ill make our modern 
Goliaths of the air wdth their spread of 120 feet or more, appear as pygmy 
planes in comparison. 
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Ader’s and Other Machines. — Among the later creations which must be 
mentioned is the type shown at the Paris Exposition in 1900, which was 
devised by a French engineer and electrician named Ader. The planes 
were of a peculiar form and in the nature of wings which could be folded 
back. Two propellers were employed, each with 4 blades, and despite the 
fact that compressed-air motors were utilized to drive the propellers and 
that the machine weighed over 1,000 pounds, it managed to make short 
flights and demonstrated that it was capable of lifting its weight from the 
ground. An Austrian by the name of Kress tried out a machine near 
Vienna in 1901 with results that gave considerable promise, and the ex- 
])erimcnts made by the late Professor Langley at Washington, D. C., re- 
sulted in the first flight of over a mile by a lieavier-than-air craft. . This 
was made by a model ])lane of his design on December 12, 1896. The ex- 
periments of Prof. Lilienthal, a German, who was studying the problem 
of soaring by means of gliders and the experiments of the Wright Brothers, 
in this country, produced real results that wero later turned into account 
in building power propelled airj)lanes. 

First Flights of Wright Brothers. — The flights made in 1903 by the 
Wright Brothers, who built an airplane which was equipped with a motor 
of their own construction, was really the first development of a type that 
was at all similar to the machines used at the present time. Even at the 
early stag-es of the develo])ment they were able to make flights of over 1,000 
feet, but owing to the secrecy with which they worked and the isolated 
points at which their ex])eriments were carried out, but little was thought 
of their accomplishments by the world at large. T.ater developments have 
proved that even at that early date they were far ahead of their contem- 
poraries, because they were working on independent lines and developing, 
new features of construction instead of trying to improve or re-adapt the 
f)rincii)les that had been discovered to ap])ly to the very early types of 
unsuccessful flying machines. It will be understood that in referring to 
these as successful flights the dcscri])tion is but a relative one, because at 
that early date any machine that Avould leave the ground and fly for a few 
hundred feet at an elevation of 8 or 10 feet and at 40 miles i)er hour was 
considered to be a real flying machine. Today, almost any schoolboy, 
handy with tools, can build a light plane in his back yard and install a 
motorcycle engine for power and make faster and longer flights than that. 
He has a mass of data to guide him and numerous successful machines to 
copy, not to mention various firms who will supply him with plans and 
materials of construction at reasonable pnees. 

Lack of Speed a Drawback. — It required long development and con- 
tinuous experimenting to develop the modern forms which are capable of 
making sustained flights for hours at a time at extremely high speeds. One 
of the difficulties met \yith in the early types of machines was the limita- 
tions imposed by power plants of inadequate ca])acity. A theoretical con- 
sideration by the early engineers working on mechanical flight outlined that 
flight would be possible with considerably less poAver than is noAV utilized, 
but the machines of that period were very flimsily built and therefore very 
light and did not fly at very high sj^eeds, so that ])OAvcr plants of 30 or 40 
H.P. Avere sufficient to handle the requirements of flying under faAwable 
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conditions. It was learned later that reserve power was needed in order 
to secure flights and to overcome unfavorable atmospheric conditions. In 
order to secure relative speed it is imperative that the speed of flight be very 
much greater than any of the winds one would be apt to meet with while 
flying. A table showing wind force and how it can be measured is ap- 
pended. It will be evident that if a machine capable of flying at a speed 
of 45 miles per hour encountered a wind of equal speed and flew into it, 
that the machine would remain practically stationary relative to the ground 
and would not advance. A machine with a high flying speed which calls 
for considerably more flying speed than was provided at that time would, 
of course, be able to make progress against such a wind. The early air- 
planes ^ were only flown on calm days, our modern airplanes keep going 
through tempest or storm because they have sufficienl power. Bert Acosta, 
a government instructor during the World War at Mineola, L. L, and a 
pioneer aviator who could fly and still is frequently called upon to fly the 
weirdest types of airplanes, used to say in jest that he would undertake 
to fly a drop side kitchen table if fitted with enough power and controls. 
One of his late achievements was the breaking of the world’s endurance 
record by keeping a Wright-Bellanca Monoplane in the air for 51 hours 
and 31 minutes in April, 1927. This record is shared with Clarence Cham- 
berlain another well known pilot Avho accom])anied him. Acosta was also 
the pilot of the Eokker three-engine monoplane America which w'as com- 
manded by Commander Byrd and navigated by Lieutenant Novillc of the 
U. S. Navy on a flight from New York to France. . 

Plane Forms. — The effect of using wings or i)lanes of the same area but 
of varying shapes and forms is marked, and also with those of different 
aspect ratio and aerofoil section, but in tests the actual results obtained 
were so much different as to be the cause of considerable comment. There 
was no question l)ut that the form of the wing of a bird when extended in ' 
soaring flight had proportions that could be followed to advantage by the 
^designer of airjdancs ; however, the curves of a bird’s wings are not easily 
duplicated in man-made machines, so that various forms of aerofoils have 
been devised that give really good results when driven through the air at 
sufficient speed by the thrust or push of a propeller. Experiments have 
demonstrated that within certain limits the supporting wings should be 
long when viewed from the front, and short when seen from the side.* The 
best proportions have never been definitely determined and vary in many 
of the successful creations. The usual aspect ratio is about 6 or 7 to 1, — 
that is, the spread of the wing from tip to tip is 6 or 7 times the depth or 
width, measured along the chord. 

Langley’s Tests. — Professor l.angley made some interesting tests to 
demonstrate that a plane having a wide advancing edge was the most 
efficient. These, of course, were made with small models. A plane with 
a width of 6 inches and a length of 18 inches moving at the rate of 45 miles 
per hour fell vertically 4 feet in 7/10 of a second. The same plane, when 
the advancing edge was 18 inches and the length was 6 inches, has the 
same sup])orting area as the other and wdien moving at the same velocity 
it fell vertically 4 feet in two seconds, demonstrating beyond a doubt that 
the sustaining power of the form having the wide advancing edge was 
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about three times that of the same plane when it advanced with the narrow 
edge first. These crude and early tests were made before the modern 
wind tunnels were devised. With a wind tunnel a complete model plane,, 
balloon or boat hull, aerofoil or any streamline form can be tested under 
conditions approximating actual flight and the forces acting on it and 
reactions on the structural parts can be measured with an accuracy that 
would have been greatly appreciated by the pioneer designers and that 
would have greatly hastened the advent of aerial navigation had such 
facilities been available. 



Fig. 14. — A Bird can Shift the Relation of Pressure and Gravity Centers by Wing and 
Tail Movements and Secure Changes of Direction in a Vertical Plane with Ease. 


Bird and Plane Form Compared. — Tf one cf)m])ares the form of a bird 
with that of some of the late airjdanes, as at Fig. 14, it will be apparent that 
they are somewhat similar in form, because both have a wide advneing 
edge or wing spread and that the plane or wing is coin])aratively short, and, 
as will be evident, the bird can utilize its tail as an auxiliary wing which 
aids and directs its flight. The section of a l)ird’s wing is similar, in the 
main, to the cantilever monoplane, being thicker at the point of attach- 
ment to the body than it is at the wing tips. While airplanes have flown 
successfully with wings of rectangular ulan, the most efficient of our modern 
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designs utilize wings which not only taper in sectional area but also in 
plan. It is necessary to provide some form of rudder or auxiliary plane 
on an airplane in the form of an aerofoil which can be lifted or depressed, 
so that the air will act on the top or bottom of its surface, depending upon 
the direction it is desired to fly in. The bird has no surface that corre- 
sponds to the vertical rudder necessary on an airplane, because it is pos- 
sible for it to flex its wings and to flap them simultaneously and thus secure 
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Plate 10. — Diagrams Explaining Control of Modern Airplanes. Perspective Phantom 
View. A — At Top Shows how Control Flaps are Actuated by Flexible Cables Pass- 
ing over Pulleys. B — Depicts Axes on which Airplane Moves. View at C Shows 
Forces Acting on Airplane in Flight 
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propulsive effort and change the direction at the same time. It is also pos- 
sible for a bird to move its wings forward or back and alter the center of 
pressure as well as the angle of attack in a way that would be very difficult 
for man-made mechanism to imitate even approximately, because the bird 
does it instinctively and probably without thinking about it. This is not 
possible with the planes of an airplane which must be immovable relative 
to the fuselage in order to secure the necessary strength. It is possible, 
however, to turn an airplane without the use of the vertical rudder by 
merely working the ailerons which would correspond to some degree to the 
flexing of the bird’s wing tips. The vertical rudder is necessary, however, 
to make good turns in the man-made flying machine, even though it can 
be disi)ensed with in nature’s model. 

Airplane Moves in Three Planes. — ^There are really three axes about 
which an airplane structure can operate, so that three distinct sets of con- 
trol surfaces are required. Reference to Plate 10 will show these axes and 
also how the various control members operate in a typical monoplane. 
This diagram was originally prepared by the writer for use in Popular 
Science Monthly in which it first appeared. In the usual tractor biplane 
form all of the control planes are at the rear of the fuselage and wings. 
Those at the tail are called the "empennage.” The elevator, which con- 
sists of two flaps^ capable of moving up and down, is at the extreme rear 
of the fuselage and controls "pitching” or up-and-down movements. The 
rudder, which has a vertical surface, is utilized for the turning or "yawing,” 
as it is called. The balancing or "rolling” control, as it is called, is pro- 
iluced by the ailerons or wing flaps. The main control surfaces are clearly 
shown at Fig. 16 and Plate 10 in their proper relation to the rest of the 
machine, and a view of a typical empennage is shown at Fig. 17. This 
will be considered more in detail in a later chapter. 

Birdflight Difficult to Imitate. — When one compares the flight of birds * 
with the principles that underlie the support of an airplane in the air, it is 
only because the bird is Nature’s flying machine and such comparisons 
are not fair because a part of the supporting force through which a bird 
flies is obtained by the flapping of wings, which so far has not been suc- 
cessfully imitated by man-made mechanism. It is not strictly a flapping 
movement, but one that combines a flapping to provide lift with a forward 
thrust. Another thing that can never be imitated is the peculiar instirfttive 
co-ordination of various body parts by which a bird can change its center 
of gravity in its relation to the center of pressure and secure up or down 
flight by movement of its head, tail or wings. A coni])arison between birds 
and airplanes can only be made when one considers soaring birds and then 
only as long as the creature supports itself by changing the relation of its 
wings and body so as to secure the support it needs from varying air cur- 
rents, — obviously as soon as the bird starts flapping its wings it ceases to 
act in the same way as an airplane, which cannot have any relative move- 
ment of its supporting surfaces or shift weights so that changes of the 
center of gravity may be obtained though the control surfaces can cause 
center of pressure movement on the wing within limited l)Ounds by chang- 
ing the angle of attack or the incidence of the wing, as will be described 
in proper sequence. Once located, the center of gravity of an airplane 
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remains the same though the relation of the center of pressure to the center 
of gravity may change. 

Comparing Airplane and Birdflight.— In an airplane, the fuselage is 
suspended l)ctwccn wings on each side which may be single, in pairs or in 
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triplicate, depending on whether the machine is a monoplane, biplane or 
triplane and as we have previously discussed, the machine may even have 
four or more surfaces. Modern practice for planes of ordinary size is 
towards the simplest or monoplane structure and few airplanes are built 
that utilize more than a pair of wings on each side of the fulselage. The 
principle of the wide advancing edge is made use of — just the same as 
obtained in nature’s creation. In a bird, which is always a strictly mono- 
plane design because nature’s plan seems to be always to provide maxi- 
mum possible efficiency in its living mechanisms, the body is sustained 
between two wings that have sufficient supporting area to perform the 
necessary functions of sustentation during soaring flight, but the control 
of this is so delicate that by the simple movement or flexing of feathers at 
the wing tips, not necessarily the movement of the wings or of the body, 
it is possible to decidedly change the poise or balance of the bird in the air. 


Rudder-,^ 



Fig. 17. — Typical Empennage of a Modern Flying Machine Showing Various Parts. 

The application of such natural force is instinctive with a bird and the 
utilizing of speed or wind velocity is all performed automatically without 
materially affecting the progress of the creature. The fact that this in- 
stinctive control is not impossible of attainment by man can be shown by 
the instinctive balancing Avhich obtains when one becomes familiar with 
bicycle riding — the unconscious movement of the body^ so easily accom- 
plished by the rider who has had considerable ex])eriencc, is very difficult 
for the novice to acquire, and even after several years’ rest it is possible for 
one who is familiar with bicycle riding or who has learned it to get on a 
machine and ride off without any trouble. 

Of course, the mass of a modern airplane is too great to be affected by 
any unconscious movement of the ojierator, though this principle of leaning 
the body to secure equilibrium was used in early soaring gliders and also 
in the old control system of Curtiss machines, where a shoulder rest which 
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could be rocked from side to side was connected to the ailerons or balanc- 
ing flaps. The new system of control, however, does not utilize move- 
ments of the entire body, though an inherent sense of equilibrium is ab- 
solutely necessary in order that the aviator may tell when his plane is not 
fl.ying as it should, such as having one wdng lower than the other, or climb- 
ing at too steep an angle. When high up in the air, there is nothing to 
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compare this to except certain parts of the machine, which practice and 
observation tells the operator must occuj^y a certain position when in 
normal flight. Instruments have been devised to give this information to 
the pilot so that in a fog or when flying after dark or in a storm, one can 
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determine whether his airplane is flying in a straight line or turning a 
corner, whether it is banked, ascending or falling or riding on an even 
keel. These instruments are described and illustrated in a special chapter 
on Aircraft Instruments. We have seen that a slight angle of inclination 
is necessary to obtain sustentation with the expenditure of a moderate 
amount of power and that this angle of inclination is constantly varying, 
due to the control elements. 



^/'r Pressure 
Depresses Tail 


Cenierof 

Graviiy..^^ 


Tat! Forced 
Down 



Plane Nosing Up 

c 


Fig. 18 . — How the Elevator Controls the Direction of Flight. 

Plane Balancing Principles. — The balancing of a plane is not difficult to 
understand if one is familiar with the underlying principles of simple 
levers. It is known that the smaller the distance the weight to be lifted 
is from the center of support or fulcrum of the lever and the more the dis- 
tance is from the fulcrum to the jioint where the power, of lifting force is 
to be applied, the smaller the amount of force that is necessary to exert a 
given power. For example: assume a lever that had its fulcrum located 1/5 
of the distance from the front end and 4/5 from the rear end. If one wished 
to lift 20 pounds at the short end, it would be necessary to exert but 5 
pounds at the longer end of the lever to do this, because the power applied 
is multiplied by the length of the arm leading to the fulcrum point. An 
airplane fuselage may be considered as a lever having the position of the 
control surfaces so arranged that the air pressure on the empennage will 
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produce a lift or depression that will cause the machine to rock around its 
supporting point (which is called the center of gravity) between the wings. 
The farther away from the center of gravity the control surfaces are, the 
less their area needs he, conversely; the nearer they are the larger the 
area must he. This point is I>iit briefly touched upon here and will be con- 
sidered more completely in a later cha])ter. 

Airplane Control Methods. — The control of the airplane is easily ac- 
complished by the operator by means of the auxiliary surfaces which may 
be disposed horizontally for controlling movements in a vertical plane, such 
as the elevator fla|)s; and disjuxsed vertically for controlling turning to the 
right or left as is the vertical rudder. Horizontal flaps for balancing are. 





Fig. 19. — Typical Single-Seat Fighting Scouts of French, English and German Design 
that have been Built in Large Quantities. 

carried at the rear ends of the wings to balance the machine. The manner 
in which the elevator operates can be readily ascertained by reference to 
the accompanying illustration (Fig. 18) which shoAvs three positions of 
a tractor bij)lane. The normal position at A shows the machine flying 
along the normal line of flight, but the elevator is in a neutral position so 
that the air pressure is equal at the top apd bottom. This, of course, pro- 
duces no movement up or down of the tail. At B the elevator position has 
been changed so that the air currents lift under the bottom of the eleva- 
tor; the resulting air pressure reaction lifts the tail of the machine up and 
causes the front end to nose down. At C the position of the elevator is 
reversed, that is to say, it is inclined in such a Avay that the air current 
presses upon its top surface. This produces pressure, which tends to force 
the tail down and lift the nose of the machine up. The center of gravity 
of the machine is always considered the equilibrium point about which the 
lifting force at the tail acts. ]^)y inclining the elevator up or down we are 
able to lift or depress the tail of the machine and produce a resulting or 
opposite action at the front end of the machine. For example: if the tail 
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is forced down, the nose will be forced up and the machine will climb. If 
the tail is forced up the nose will be forced down and the plane Avill move 
on a downward path. When the surfaces are left in a neutral position, 
so that the air pressure is equal at the top or bottom, the plane will fly 
along the normal line of flight. 
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Use of Vertical Rudder. — Tlic same acticm that has just l)ccn explained 
in relation to the elevator will work in about the same way when the verti- 
cal rnckler is tilted to the right or to the left. The reaction of the air 
against the inclined surface naturally pushes the back end of the machine 
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n 



around in the direction in Avliicli the force is acting. In this way it is 
possible to steer the airplane in the air just as a boat is steered in the water. 
The remaining control, which is that for balancing the machine or main- 
taining it in equilibrium, is obtained by the wing flai)S which are carried 
at the rear extremities of the wings in all of the modern machines. (See 
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Figs. 16 and 19.) In some of the earlier airplanes the ailerons were held 
l)y the struts and were carried at a point approximately midway between 
the supporting planes. It will be evident that as long as the wing flaps are 
allowed to remain in a neutral i)osition that there will be no more lift on 
one wing than on the other. (See Plate 10.) Let us assume that it is 
possible to raise one Aving flap and to lower the one on the other side, as 
in banking when making a turn. The wing flap or aileron on the side that 
is to be high is moved so that the pressure Avill act on its lower surface 
while the corresponding member of the wing that is to be lowered is moved 
in such a way that the air ])ressure acts on its upper surface. The function 
of the wing fla]xs or balancing ailerons is not only to permit the operator 
to right the machine when it is tilled by a gust of wind, Init also to tilt the 
machine purposely when it is desired to bank when the machine leaves a 
straight path and describes a circle, under the influence of the vertical 
rudder controlled by the rudder bar actuated by the i)ilot’s feet. 

Some Early Airplane Designs. — The modern air])lane, upon hasty in- 
spection does not seem to vary much in design from the types built before 
the War. In general outline, equivalent types are apparently the same, but 
there has been marked improvements made in structural design that are 
not api)arent on first glance. P'or instance, the very careful streamlining to 
reduce parasitic resistance is not always noticed by the layman, nor is the 
change in fuselage or body contours that so greatly reduce frictional drag. 
Hefore describing features of modern aircraft it seems desirable to show 
some airplanes designed before the World War and while it was in prog- 
ress so there can be a basis of comparison with modern forms to be shown 
in a later cha])tcr. All types of planes are shown ranging from training 
and scout planes to large flying boats and bombing planes. (See Plates 11 
to 15 inclusive.) It will be apparent that some very large airplanes were 
^lAuilt during that [)criod. 

Some General Design Factors. — The reader not versed in aeronautical 
science may wonder how a designer arrives at the best ty])e of airplane for 
a given service and what rules determine his choice of design. There is 
no best type of airplane anymore than there is a best type of automobile, 
motorboat or kitchen stove. The work the air])lane is to do and what it 
is to cost are primary considerations. Certain factors should not be de- 
parted from to secure good design. Wing loadings, horsepower loadings, 
flying and landing si)eeds, maneuverability, capacit3^ reliability, comfort, 
nature of terrain over which the ])lane is to 4)c operated ; all these are points 
that must be taken into consideration by the designer. There is a mass 
of data available for the designer and so many different forms of niachines 
have been built and tested that it is difficult for one versed in the art to 
tell just what new combination of body, lifting and control surfaces will 
be evolved. Almost any arrangement, if provided with sufficient power 
will leave the ground and fly, but all do not fly with equal efficiency or 
stability. 

An important consideration is the relation between the useful load to 
be carried and the weight of the machine. Practically all airplanes have 
a 40-60 ratio or thereabouts. The dead weight will be from 60 to 65 per 
cent of the total weight. Some designs are more efficient than others and 




will fly favSter and with less i)()\ver. The less the hort>epower required for 
a given weight, the lower the fuel consumption and the greater the radius 
of action on a given amount of fuel. A typical distribution of dead weight 
for the various parts of an air])lane is shown at Fig. 20, but these figures 
do not apply to all airplanes. Some types will have a radically different 
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proportioning of \alucs. The figures given are merely so one can have a 
basis from Avhich to start. If will be evident that any design that increases 
the amount of usefi# load carried in proportion to the dead weight is a 
step forward in the right direction. A ])lane that would weigh half of the 
total load so that a 50-50 basis couhl be obtained would be a great ad- 
vance, because while the decrease in dead weight is only 10 per cent of the 
total weight, the carrying ca])acity is increased from 40 to 50 per cent 
of the total weight and a 25 per cent increase in useful load is obtained. 
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Fig. 20. — Side View of Airplane Showing Percentage of Weight of Various Structural 
Elements Comprising the Assembly. This Varies in Different Designs, but Propor- 
tions Shown are Typical of Modern Practice. 


• In starling to design an air])lane, therefore, it would seem that the 
useful load to be carried would be the first consideratif)n. If this was 
placed at one ton, or 2,(XX) jxnind.s, the designer would know^ that in the 
light of our existing knowledge that his air])lanc v\ould weigh at least as 
much again and probably more. The total load to be carried w'ould prob- 
ably be about 5,000 ])ounds. Now he must det(*rmine what tvpc of air- 
])lanc he v\'ill build, monoplane or bi])lane. A\bng loadings now enter into 
consijierat ion. Air])lanes ha\ e been built with a wing loading as low as 4 
pounds ])er scjuare foot, and valnes of 10 ]>onnds ])er scjiiare foot arc not 
unusual. Now he must consider how fast he wdshes to transport this load 
l)ecause a high lift wing is usually a slow wing. He may take a value 
between the two extremes for his wing loading, say about 7 poipids per 
square foot. With this factor decided, he know^s he must have an area of 
= 714 square feet to supj)ort the load. A monoplane wing of good 
proportions to have this area would be roughly (iO feet span by 12 feet 
chord or 70 feet span by 10 foot chord. A single surface would be too 
large in his oi)iuion so the designer decides he w ill build a biplane structure. 
That means tw^o wings of 350 square feet each. This permits a material 
reduction in the spread of the proposed plane as if it is 50 feet spread, the 
chord will be 7 feet or thereabouts. .Some wing curves are more effective 
than others so he must choose that best in his opinion, supported by test. 
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How much power will he require? This he can determine by making a 
scale model and trying it in the wind tunnel to determine its resistance 
experimentally and making some calculations with the total weight and 
proposed speed as a basis. He must sup])ly power enough to raise the 
weight against the attraction of gravity and this will vary with his desired 





96 


MODERN AIRCRAFT 


rate of climb. Here a time factor enters into consideration. The horse- 
power then, must be sufficient to overcome both gravity and parasitic 
resistance and will vary with the time factor. A fast flying airplane or 
one capable of (jiiickly climbing to its ceiling will need more power than 
one that is given more time to do the same work. 

Then, when he has determined his s])ce(l and power, he must decide if 
his new design will incorpru-ate one engine or more. Here he must take 
in the factor of reliability, l^'or an airplane with a useful load of a ton, 



Fig. 21. — How Various Resistance Values and Speeds Affect Amount of Horsepower 

Required. 

he can use one, two or three engines. The larger the number of engines, 
the less the chance of forced landings due to power plant failure but the 
more power required because a multi-engine i)lane is not as efficient aero- 
dynamically as a single engine plane. And so it goes, he must weigh an 
advantage against a correspomlitig disadvantage and what appears to be a 
reasonable compromise to one designer will seem a poor choice to another. 

He wants his horsepower loading to be within the bounds of good 
practice so he finds that a high speed airidane must not exceed 12 pounds 
gross weight per horse])owcr while a moderate sjieed airjilane will fly with 




20 pounds ])er liorse])ower. If he used the former value, he will get 
1 — == 600 horse])ower. He can use one engine of that' capacity, two 300 
horsepower or three 200 horsei)ower. As he wishes to fly fast, he Avill 
decide against multi-engine design and use but a single engine. If satisfied 
with a lower speed, he finds he can fly with ^ = 250 horsepower. If he 
uses two engines of 150 horsepower each, he will have an ample reserve of 
poAver and can fly with engines throttled and could maintain flight with but 
one engine if the other failed, but he can also use but one engine if he 
wishes of the recpiired horsepower thereby reducing reliability. 
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Power Requirements of Airplanes. — A large factor in the horsepower 
requirement, ])arlfcular]y at high speeds, is the wing resistance. A second 
large factor is the fuselage and other parasitic resistance. As landing speed 
is the criterion for the wing area, two machines of the same weight may 
be equipped with wings of very different area, the larger area for the 
lower landing s])eed. Therefore at the same higher speed, these two ma- 
chines would exhibit considerably different requirements in horsepower, 
even if the wing curve were not considered. The converse naturally holds. 
If two machines have the same wing area but differ in weight, the lighter 
machine will have the lower landing speed and slightly higher maximum 
sj^eed. Taking the foregoing into consideration, the designer will design . 
his biplane slructiire so it will have minimum ])arasitic resistance, so he 
can attain good s])eeds without too much power expenditure. If his plane 
is to be used for ])assenger carrying, he will choose an area that will assure 
moderate landing si)eeds. The parasitic resistance of an air])lane de])ends 
u])on that of its com]^onent g'roups. Some designs, with many exposed 
struts and wires will have high resistance. The figures that follow show 
that there is a wide range of values for the same grou])S of different air- 
jilanes. Horsejiower recjuirenients are: 

Fit Cent 


Panels or Wings 80 to 25 

Wing aeeessories • 8 to 2.*^ 

T. a Tiding gear 3 to 17 

'J'ail units 2 to 15 

Fuselage 10 to 45 


A series of curves, reptaiduced from the S. A. E. Journal is given at Fig. 
21. These were ])re])are(l by N. L. Eiebcrman and show how the various 
resistance values and sjieeds affect the amount of horseiiovver rec(uircd. 
•For exam])le, an airjilane having a total resistance of 2,600 pounds is to 
fly at 100 miles ])cr hour. We first locate the sjieed desired on the base of 
the chart and follow the vertical line up to the ])oint where it intersects the 
horizontal line extending to the right from the value 2,600 on the left verti- 
cal side of the chart. F"rom the tniint of intersection of these lines to the 
horsejioAver values on the right vertical side of the chart, we find that about 
5(X) horsepower Avill lie reejuired. This method of jirocedure will enable the 
reader to easily find the horse])ower re(|uired for any known resistance in 
the range of the chart. To show hoAv air])lanes vary in their ])ower re- 
quirements the tabulation at Table TIT A of various early ])ost Avar airjilanes 
is presented. This Avas jirejiared by Commander J. C. Ilunsaker, U. S. N. 
It will be seen that the wing loading A^aries from 4.8 pounds pei» square 
foot to 12.3 ])ounds ])er scpiare foot of Aving area. The power loading or 
pounds per horse])ower varies from a minimum of 8.4 ixiunds to a maxi- 
mum of 26.1 pounds. Figures are also given showing the percentage of 
gross weight for the airjilane Avithout load ; for the structure; for the power 
plant; for the empennage, and also for the body. The Aveight of the Avings 
for each square foot of area is also given. The Aving loading for the most 
part ranges l^etwecn 8 and 10 i:)ounds per sejuare foot. The power loading 
is for the most jiart below 20 ])ounds per horsepower. The ratio of empty 
plane to gross Aveight varies from 55.6 per cent Avhich gives the highest 
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useful load of 44.4 per cent of gross weight to a high value of 79.6 per 
cent, which means a useful load of only 20.4 per cent. The useful load, for 
the most part ranges from 30 to 40 per cent in the early types tabulated. 
This value has been materially imi>roved in latest types, a number of 
designs having a useful load 50 per cent of the gross weight. 


TABLE IIIA 

Power Requirements of Early Airplanes. 


Name 

4J 

s’S 

. 

CS^£ 

Area 

ft. 

u 

OJ 

C 

a . 
c- 

>-] 

Pcrcciitajre 

«)f (iross Weight 

Unit Weight 
of Wings 
lb. per sq. ft. 

Empty 

Struct- 

ure 

Power- 

plant 

Wing 
and tail 

r 

Hannot .... 

],709 

165 

8 7 

1 1 1 

65 6 

39 n 

26 6 

15 5 

23 5 

1.15 

Avro Spider . , . 

1,734 

208 

8 3 

15 1 

66 2 

.32.4 

33 8 

15 9 

16.5 

1.17 

Hanriot 

1.827 

165 

6 3 

14 0 

67 6 

43 0 

24.6 

14.5 

28 5 

1.15 

SE-5A 

MOO 

240 

8.7 

11.7 

72 9 

35. 1 

37.8 

15.7 

19.4 

1.22 

Avro 504K 

1,829 

310 

5 5 

16.6 

67.3 

43 8 

23 5 

20 1 

23 7 


VE*7 

1.958 

>06 

6.5 

1 3 0 

71 1 

35 7 

35 7 

16.6 

19.1 

0.98 

Sopwitli (1V.»)... 

2,377 

353 

6.7 

18.2 

57 8 

37.1 

20 7 

17.0 

20.1 

0.95 

N-9 

2,412 

466 

4 K 

24.1 

77 9 

53 

24 7 

24 5 

28.7 

0.97 

MF 

2,448 

401 

6 1 

24 4 j 
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Standard Definitions 
Performance and Conditions of Flight 


air speed — The s]^cccl of an aircraft relative to llie air. Its symbol is V. 
controlJability — The quality in an airplane ^\hich makes it jxissible for the 
pilot to change its attitude easily and with the ex^M'tion of but little 
force. 

drift — The lateral velocity of an aircraft due to air currents, 
drift angle — The horizontal angle between the longitudinal axis of an air- 
craft and its ])ath relative to the ground, 
dynamic factor — The ratio between the load carried by any part of an air- 
craft when accelerating and the corresponding basic load, 
endurance — The maximum length of time an aircraft can remain in the 
air at a given speed and altitude. 
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factor of safety — The ratio of the ultimate strength of a member to the 
maximum i)rol)able load in that member in actual use* 

flight path — The path of the center of gravity of an aircraft with reference 
to the earth. 

ground speed — The horizontal component of the velocity of an aircraft rela- 
tive to the earth. 

load: 

dead — See weight empty. 

full — Weight em])ty j)liis useful load. Also called “gross weight.” 

pay — That part of the useful load from which revenue is derived, viz., 
passengers and freight. 

useful — The crew and passengers, oil and fuel, ballast other than emer- 
gency, ordnance, and portable equipment. 



Fig. 22. — Diagram Showing Meaning of Lift and Drag, and Forces Represented by 

These Teims. 

load factor — The ratio of any si)ecifie(l load on a nieniber to the corre- 
sponding l)asic load. Generally api)lied to the ratio of the l)reaking 
load to a basic load. 

maneuverability — That quality in an aircraft A^'llicb makes it ]')ossible for 
the pilot to change its attitude rapidly. 

performance testing — The process of determining ])erformance character- 
istics. 

rate of climb — The vertical component of the air sj^ecd of an aircraft, i. e., 
its vertical velocity with reference to the air. 

relative wind—The motion of the air with reference to a body, i. e., its mo- 
tions as observed by a man at rest on the body. The direction and 
velocity of the relative wind, therefore, are found l)y adding two vec- 
tors, one being the velocity of the air with reference to the earth, the 
other being equal and opposite to the velocity of the body with refer- 
ence to the earth. 
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wash— The disturbance in the air produced by the passage of an airfoil. 

Also called the *'wake'’ in the general case for any solid body, 
weight empty — ^The structure, power plant, and fixed equipment of an air- 
craft. Included in this fixed equipment arc the water in the radiator 
and cooling system, all essential instruments and furnishings, fixed 
electric wiring for lighting, heating, etc. In the case of the aerostat, 
the amount of ballast which must be carried to assist in making a safe 
landing must also be included. 


QUESTIONS FOR REVIEW 

1. Name some early flying machines and give reasons why they did not prove 
successful. 

2. Who made tlie first practical flights with hcavier-than-air craft and when? 

3. Describe results of early tests with plane forms and tell who made them. 

4. Compare birdflight with airplane flight and outline briefly why birdflight 
cannot be imitated exactly in nian-niade mechanisms. 

5. How is an airplane balanced in flight? 

6. Describe control and balancing elements and their location and functions. 

7. Name some general design factors that must be considered in determining best 
type of airplane. 

8. What determines the power reciuiremcnts of airplanes? 

9. What is “relative wind”? DefiiV “factor of safety,’’ “drift,” “load factor,” 
“useful load.” ' 

10. What is the usual wing loading? What proportion of useful load to gross 
weight is found in most airplanes? 



CHAPTER IV 

DESIGN AND CONSTRUCTION OF AEROFOILS 

Principle of Dynamic Similarity — How Plane Performance may be Gauged— Meaning 
of Lift and Drift— Lift-Drift Value for Rectangular Plane— Meaning of Center of 
Pressure — Center of Pressure Travel — Properties of Cambered Aerofoils — Why 
Leading Edge Should be Curved Down— Designs of Cambered Aerofoils— Load- . 
ing of Bird’s Wings — Wing Area of Birds — Table IV, Square Feet Wing Area 
of Insects — Table V, Value of Nature’s and Man’s Flying Machines — Weights, 
Speed and Panel Areas of Airplanes — Effects of Wing Loading on Aerofoil De- 
sign — Wing Sections Vary in Design — High Lift Wings for Monoplanes — 
Metal for Wing Structure — Effect of Aerofoil Camber — Effect of Varying Lower 
Camber — Pressure Distribution on Aerofoils — Inclination or Incidence for Maxi- 
mum Efficiency— Position of Center of Pressure— What is Meant by Critical 
Angle or “Burble” Point — Greatest Lift Produced by Upper Surface — Table VI, 
Percentage of Load Carried by Surfaces — Wing Having Varying Camber or 
Section — New Aerodynamic Theory — Parasitic and Induced Drag — ^Table VII, 
Parasitic Co-efficients of Various Aerofoils — Table VIII, Parasitic Areas of Vari- 
ous Airplanes— Value of Induced Drag — What a Wind Tunnel is — The Curtiss 
Wind Tunnel. 

The reader doiil)tless wonders how it is possible for an airplane de- 
signjer to determine the best aerofoil form for a ^jiven set of conditions 
and how it is possible 1o scllle upon a certain cambered surface as the most 
desirable. The best proportions for su])porting^ surfaces can be obtained 
by experiments with scale models, which are i)laced in a wind tunnel and 
air currents of varyinj^ velocities are forced through the tunnels by a large 
fan or j)ropeller driven by an electric motor or series of motors so its 
s])eed can be maintained constant or varied within limits, the air stream 
flowing around the model to stimulate the air stream travel of a machine 
in flight. 

Principle of Dynamic Similarity. — If the tests are made with a model 
of correct proportions the action of much larger bodies of identical propor- 
tions can be determined with a reasonable degree of accuracy by what is 
term^l the “])rinci])le of dynamic similarity.*’ The i)ractical api)lication of 
this is of great value in both marine architecture and aeronautical engi- 
neering. A ])rcdiction of the i)erformancg to be expected from full size 
airshi])s may be made after wind tunnel tests of small models. The wind 
tunnel is a large rectangular section conduit having a large i)Ower-driven 
blower ty])e fan at one end and incor])orating sus])ension and recording 
devices by which the action of the model can be observed and measured 
by the experimenter outside of the tunnel. The blower fan can be driven 
at dilTerent speeds and air currents varied to sitnulate winds of various 
velocities. 

In marine engineering, small models of hulls are drawn through water 
at varying speeds to determine the resistance of various boat designs, and 
ex])eriments in the testing basin make it juissible to determine how full 
sized boats will act under similar conditions of speed, so in designing a 
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seaplane or flying boat^the pontoons or hull must be tested both for 
hydraulic and atmospheric resistance, this calling for both wind tunnel and 
basin tests. 

How Plane Performance May Be Gauged. — In the cases where the test 
of a model, which may be either an airplane or any of the parts of which it 
is composed, is made in the air stream of the same velocity in which the full 
sized machine or part is to move, the forces upon the small and full sized 
bodies will be proportional to the square of their corresponding dimensions 
and also to the square of their relative velocities if the air stream acting 
on the model is less than the wind pressure that will act on the full sized 


A= Aero-foil (Lifi) 
Plane ( Lift) 

C~ Plane ( Drift) 
D- Drift ( Aerofoil) 
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Fig. 23. — Diagram Showing Lift and Drift Values for Flat and Cambered Planes. 

body. By blowing smoke in the wind tunnel, the actual flow lines of the 
air around llie body may be determined visually and. if photographed, made 
a matter of ])ermanent record. In this way, the efifect of varying propor- 
tions of streamline bodies can be found and the best form for a given^duty 
determined. A scale model of a com])Iete airplane or airshij) may be tested 
or any of the structural elements may be tried for resistance or lift. 

Meaning of Lift and Drift. — Considering first a flat plane, when this is 
tipped so it makes an acute angle with the relative wind, it will be sub- 
jected to the forces shown at Fig. 22. The vertical force which is P cosine 
angle of inclination is called the “lift” comi)oncnt, and the horizontal force, 
which is indicated as P sine angle of inclination is termed the “drag” or 
“drift” and offers a resistance to forward movement of the plane. The 
pressure P is a resultant of the two component forces. Obviously, it will 
be desirable and necessary to have the “lift” component greater than the 
‘Mrift” or “drag” com])oncnt and the greater the difference between the 
two, the more effective the lifting ability of the plane becomes, because the 
lift is increased and the resistance to forward motion or “drift” is reduced. 
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The value of the '‘lift-drift^' ratio for an inclined plane will depend upon 
the inclination and aspect ratio of the plane, the latter not influencing this 
much above aspect ratios of 8 or 10. Aspect ratio means the relation be- 
tween the length and breadth of the aerofoil. For instance, a rectangular 
plane with a length of 20 feet and a breadth of 4 feet would have an aspect 
ratio of five. 

Lift-Drift Value for Rectangular Plane. — The results of a wind tunnel 
test to determine the lift-drift values for different angles of inclination upon 
a rectangular plane scaling 12.5 inches advancing edge by 2.5 inches chord 
are shown graphically in Fig. 23 , 1'he wind velocity was 20 miles per 
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Fig. 24. — Location of Centers of Pressure on a Rectangular Aerofoil. 

hour. The lift force follows a linear laAv of variation up to an angle of 
about 15 degrees and the lift reaches its niaxinuini value at about 20 de- 
grees. 1 he “drift” coefficient varies slightly between 0 and 4 degrees, from 
which point it increases rajiidly following a ])arabolic curve. If these 
curves are compared with similar values for a cambered aerofoil plotted 
in the same chart, we find that the lift curve of the aerofoil reaches its 
maximum at about 16 to 17 degrees angle of incidence, after which the lift 
falls .sharply. This angle is termed the critical angle or “burble point’’ and 
is the maximum angle of incidence for the aerofoil in (piestion because any 
further increase decreases the “lift" and greatly augments the “drift," and 
as these curves tend to meet, the lifting ability of the aerofoil diminishes. 
Other things being erpial, the airplane designer uses wing curves fhat will 
have as high lift as possible and as low drift as j)ossible. This ratio varies 
with various types of aerofoils, depending mainly upon the camber of 
upper and lower surfaces and the angle of attack or incidence of the wings. 

Meaning of Center of Pressure. — The “center of pressure" of any aero- 
foil or body exposed to the wind may be considered as the point where 
the resultant force shown at Fig. 22 acts. In the case of a flat plane normal 
to the wind direction the geometrical center may also be considered the 
center of pressure. The “center of pressure" position is an important con- 
sideration in aerofoil design because the computations for the strength of 
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wing parts are of necessity based on the position of the center of pressure 
which represents the load. The initial center of pressure movement is 
greatest in aerofoils of large aspect ratio, and in flat, rectangular planes, 
the center of pressure will be at the center of the aerofoil at 90 degree in- 
clination. It does not follow, hc^evcr, that the center of pressures of all 
the aerofoil sections will be the same distance from the leading edge. In 
fact the C.P. of the central part of the plane is nearer the leading edge, 
while the C.P.’s of the portions near the extremities are nearer the trail- 
ing edge. This is clearly shown in Fig. 24. 

Center of Pressure Travel. — The travel of the center of pressure is 
greatest for small inclinations, and it ih nearest the leading edge where 
plane is tilted at small angles of incidence. The reason the center of pres- 
sure is nearer the trailing edge as it nears the extremities of the plane is 
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Fig. 25. — Diagrams Showing Advantages of Cambered Section Aerofoil. 

because of ‘"end Losses.” This is caused by the ingress of air at atmos- 
phere pressure into the region of partial vacuum al)ovc and also because 
of the flowing of the air under pressure below the plane into the air not 
acted upon by the plane movement. This results in a reduction of *‘lift” 
and an increase in “drag” for the sections near the wing or plane tips. 

Properties of Cambered Aerofoils. — While previous consideration has 
been of flat planes, it is necessary to consider the cambered aerofoils ordi- 
narily used in airplanes as these have pro])erties that make them much more 
suitable for sustentation than flat planes. The wings of birds are really 
curved or cambered in section and unless there was some aerodynamical or 
structural advantage in this method of forming wings, it is evident that 
Nature would have used the simpler flat plane. Both theory and practice 
indicate that there are marked advantages in having airplane supporting 
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members of cambered section. Compari.son of the action of air currents 
when meeting flat and cambered planes may be made by referring to dia- 
grams at Fig. 25. 

Con.sidering the flat plane shown at A, which is supposed to be dropped 
vertically, it will be evident that owing to the compression below the plane 
and the rarefaction of the air above it that there is bound to be a circula- 
tion of air from Iielovv the ])lan(; to the less dense area above it, this giving 
rise to a kind of vortex motion. Then consider the action of the flat plane 
moving in a horizontal direction as shown at B. Here, also, we will have 
a vortex action and the leading edge of the plane will meet air having 
a relative upward velocity and the leading edge cannot meet the air in 
the most efficient manner as there will be considerable shock and resistance 
to forward motion. The “drift" curve is of lower value for a cambered 
aerofoil than it is for a plane as shown graphically in Fig. 20. 



Fig. 26. — Diagram Showing how Vertical Lift is Obtained on Cambered Aerofoil 

Because of Air Pressure. 

Leading Edge Should Be Curved Down. — "I'o meet the air without 
shock it is imi)ortant that the lea<liiig edge lie curved down so it will ap- 
proximate the direction of the air currents meeting it as shown at Fig. 
25 C, and the sluqie of the aerofoil he such that it can he considered as an 
element of a body of good streamline form. As will he seen hy reference 
to iMg. 26. the air stream travel is such that it is at first upwards, then 
finally doAvnward, so in the case where the aerofoil is moAu'ng horizontally 
and inclined at a moderate angle of incidence having a low “drag” or 
“drift” value to retard its forw'ard movement, that a (low nward momentum 
Avill be given to the air streams, this resulting in a vertical lift. 

Designs of Cambered Aerofoils. — d'he air streams floAving over the top 
of the aerofoil are defected shariily upwards and as a result, there is an 
area of reduced pressure above the top camber of the aerofoil which aug- 
ments the valtic of the lifting force hy reducing the pressure of the air 
above it and consecjuently the resistance to the upward movement of the 
aerofoil. The real advantage of a cambered aerofoil evidently is that it 
receives a current of air in an iipAvard direction and directs it downward, 
thus ol)taining a lift reaction. The best design of cambered aerofoil would 
be the form that had the greatest area of negative pressure on top anc» 
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the greatest value of positive pressure on the bottom and that at the same 
time was so formed that there would be no break or eddy in the streamline 
air flow over its surfaces. 

Loading of Bird’s Wings. — In the preceding chapter mention was made 
of the similarity in cross-section of some of the aerofoils used for airplane 
support and the wings of birds. The wing loading of birds, i.e., the amount 
of weight carried per unit area is light compared to that of flying machines 
as it varies from half a ])ound to 2 pounds per square foot. The wings 


R.A.F. No. 5 Aerofoil Section 


Wing Section of Dusky Horned Owl 


R.A.F. No. 3 Aerofoil Section 
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{ Wing Section of Herring Gull 
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Fig. 27. — How Bird’s Wing Section Compares with Aerofoil Sections. 

of a black vulture, frir instance, arc loaded 1.25 jiound ]')cr square foot. 
The sustaining mcnibcrs of (he dusky hornecl owl and the tawny eagle arc 
loaded about 0.90 ])oiinds per sipiarc foot. All birds’ Aving sectioits are 
different and undoubtedly have changed in form as a result of a natural 
dcvelojuiienl or evolution depending u])on the haluts of the birds, such as 
whether they were gliders, soarers, flap])ers or swimmers. 

Wing Area of Birds. — The student of aii planes may wonder what the 
proportions of the flying machine devised by nature are 'and how the sup- 
porting surfaces conqiare in different birds in reference to their weight and 
flying poAver. It is conceded that while a study of bird flight and form 
may he of interest to the student, it is hardly necessary to give this more 
than passing consideration at the ])resent time because air])lane design is 
influenced very little by the study of the flight of Inrds. It has been stated 
that in prc-historic times much larger creatures inhaluted this earth than 
we knoAv of today. These included peculiar flying forms that were neither 
bird, reptile or mammal, but which had characteristics of all these. 
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Many centuries ago a large flying creature which was a combination 
of reptile and bird and which was known as the Pterodactyl existed, and 
while it is not possible to give the exact size of this creature, from the 
present existing skeletons reconstructed by modern scientists, it is assumed 
that the wing spread was about 20 feet and that a supporting area of about 
25 square feet was available for supporting it in flight. The weight was 
30 pounds and it was estimated that it was capable of exerting about 1/25 
H.P. 

If we consider the modern birds, perhaps the largest soaring biped is the 
condor, which has a wing stretch of 10 feet from tip to tip, a weight of 17 
pounds, a wing area of about 10 square feet and which is capable of exert- 
ing about 1/30 ll.P. The turkey buzzard is a smaller soaring bird which 
has a wing stretch of 6 feet, a supporting area of 5 square feet, a weight of 
5 pounds and a power ca])acily of but little over 1/100 H.P. It will be 
evident that the ratio of su]>]K>rting surface to the weight of the creatures 
does not always vary directly with their weight and, strange to say, the 
larger the creature the less relative ])ower and surface area is needed for 
its supi)ort. It has been stated that the lungs of a bird, filled with air 
and the fact that all of its major bones have very light walls and are hollow 
greatly reduced the body weight in proportion to its size and its form was 
such that a certain aerodynamic lift was ol)tained by air pressure under the 
body while in flight. Then again, much of a laird’s bulk is' due to feathers, 
which are light in proportion to their size. When plucked, a large bird 
shrinks in size in an amazing manner. Feathers are nearly as light as air they 
displace and even quills are picked up by the wind and carried away be- 
cause of their light weight in proportion to their size. 

The following table, which deals with insects, is given to support this 
contention. In this, as a basis of comparison, each irnsect is suptiosed to be 
proportioned so that it will weigh 1 pound. Insects fly by very rapid vi- 
hration of their wings and seldom soar though exceptions should be noted 
in the case of the butterfly and dragonfly which soar for brief periods. 
Insects having a high wing loading must keep their membranous support- 
ing structures in rapid beat if they are in the air. The figures given were 
published as early as 1868. 

TABLE IV 

Square I'eet Wing Area jilt TouikI Weiglit 


Insects 

Gnat 

Dragon Fly 

Bee 

Flie.s 

Stag-Beetle 

Rhinocerous-Bcetlc 


Wing Area 

49.0 

30.0 
5.25 
5,1 
3.75 
3.14 
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This table serves to prove the law that the larger the creature the less 
the relative area of support to a given weight holds true as applies to in- 
sects, ajj^d as we shall demonstrate by the following table, which has been 
prepared from data on birds compiled by Langley, which has reference 

TABLE V 

Value of Nature’s and Man’s Flying Machines 


Birds 

Weight 

Surface 

H.P. 

Area 

H. P. 

Lbs. 
per Sq. 

in Lbs. 

InSq.Ft. 

per Lb. 

per Lb, 

Ft. of 

Humming bird 

0.015 

0.026 

0.001 

1.73 

0.066 

Surface 

Pigeon 

LOO 

0.7 

0.012 

0.7 

0.012 


Wild goose . . . 

9.00 

2.65 

0.026 

0.2833 

0.00288 


Buzzard 

5.00 

5.3 

0.015 

1.06 

0.003 


Condor 

17.00 

9.85 

0.043 

0.57 

0.0025 


Pterodactyl . . . 

30.00 

25.00 

0.036 

0.833 

0.0012 


Airplanes 







Bleriot XI (early monoplane) 

700.00 

150.00 

25.00 

0.214 

0.035 

4.7 

Wright (early biplane) 

1,100.00 

538,00 

25.00 

0.489 

0.022 

2.04 

Curtiss (early biplane) 

700.00 

2.S8.00 

60.00 

0.368 

0.85 

‘ 2.7 

Standard Model J (obsoles- 
cent) 

1,350.00 

429.00 

100.00 

0.318 

0.014 

3.1 

Wright-Martin Model V (ob- 
solescent) 

1,725.00 

430.00 

150.00 

0.24 

0.092 

4.01 

Burgess Type V Seaplane 
(obsolescent) 

1,800.00 

500.00 

100.00 

0.27 

0.55 

3.6 


Note — Airplane weiglits given without passengers or military loads. 


to both soaring birds and those which fly by flapping their wings it will be 
evident that the law mentioned holds true for large living creatures. Birds, 
such as the pigeon and goose, seldom soar, and they must keep flapping 
their wings practically all the time they are in flight. The humming bird 
flies by moving its wings so rapidly so that its flight resembles that of an 
insect niore than it does of a bird. The larger creatures enumerated are 
soaring birds and it is to these that the aeroplanes sho'tild be compared ; 
and only when the bird is soaring with its wings practically motionless. 
The figures given are only apjiroximate, but arc of interest in showing the 
proportions obtained in both natural and man-made flying machines. A 
table showing the weights, speed and panel areas of more modern types 
of airplanes is appended, the machines being designated by number for 
identification. However, these airplanes arc relatively slow speed types 
and higher speeds are now possible. 
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Effect of Wing Loading on Aerofoil Design. — The wing loading of 
early airplanes was seldom more than 3 pounds per square foot and in the 
case of the early Wright machine it was little more than 2 poupds per 
square foot. At the present time wing loading has increased to 5 or 6 
pounds per s(iuare foot average and in sdiuc very high-powered fast air- 
planes it may run up to 10 or more ])ounds in rare instances. A wing section 



Fig. 28 . — Skeleton Structure of Pitcairn Fleetwing Aerofoil Showing Cambered Ribs 
which Give the Wing its Shape. A — Wing Structure Viewed from the Top, Note 
Cut-out for Aileron. B — Wing Structuie as it Appears from the Bottom. 


to carry a heavy load must be a deej) section. The section shown at Fig. 29 
gives the apj)roximate proportions of the early Wright aerofoil which was 
lightly loaded, and its shallowness will he ajiparent. The diagram at Fig. 
30 shows the dee])er section needed ft)r structural strength and to accom- 
modate spars of the proper cross-section to withstand the increased load 
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when the aerofoil is used in a biplane structure. When used in a mono- 
plane, the section is even deeper than that shown, this depth depending on 
the method of wing bracing. Internally braced cantilever wing mono- 
planes are of deeper section than wings having external bracing. A modern, 
high speed single seater, the Wright Apache with biplane aerofoil struc- 
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Fig. 29. — Aerofoil Section of Early Form Suitable for Light Loading. 

turc is shown at iMg. 31 and a well designed cabin monoplane wdth ex- 
ternally braced aerofoil is shown at Fig. 32 for piir])t)scs of comparison. 

It will be evident, therefore, that structural strength, as w'cll as aero- 
dynamical considerations, must be taken into account in selecting aerofoil 
sections. The factor of strength must be considered fully as much as 
efficiency, and if a compromise design must he evolved where one or the 
other of these (jualities must be sacrificed, it is better to favor strength 
even if the efficiency is somewhat less. Many forms of wing sections have 
been develo])ed. Some liave attained one object, others have j)roperties 
that make them suitable for (jther work. 

There is no one wing section that is best. Efficient forms devised for 
speed craft are not suited for slo\v Hying or weight carrying planes. The 
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best aerofoil section to use depends entirely upon the use to which it is to 
be put. Any fixed aerofoil section is suited to only a limited range of 
flying angles, and the present construction of a tilted aerofoil of fixed cross- 
section is by no means the best, if one looks at it from a theoretical point 
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Fig. 30. — Aerofoil Section of Modern Airplane Suitable for Heavy Loading. 

of view, though it is a compromise that gives adequate results in j)ractice. 
To secure the l)est results from an aerofoil as regard lift, drift or resistance 
and center of pressure position, the section of the aepofoil should be 
changed with every alteration of flying speed and even for different parts 



Fig, 31. --Wright- Apache Pursuit Biplane, a Modern Military Type Equipped with 
Air-cooled Engine. Note Relatively Thin Wings and Interplane Struts. 


of the structure because the center ()f jnessure ])osition is different at vari- 
ous points along the sj)an. This is a theoretical consideration that is not 
always possible to meet in practice, owing to structural difficulties. In- 
asmuch as a practical variable camber wing has not yet been designed, the 
fixed aerofoil section to be selected depends upon the type of plane and 
the work it is expected to do, and the modern designer has a wide range 
to choose from. 
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Wing Sections Vary in Design. — Various wing sections of early thin 
wing forms intended for widely differing types of machines are shown at 
Fig. 33. That at A is intended for a fast scout plane and while the section 
is a good streamline form, the lift is so small at moderate speeds that it 



Fig. 32. — Fairchild Sedan Monoplane for Photographic Work and Passenger Carrying, 
a Late Design of Small Commercial Airplane, Using Radial Cylinder Air-cooled En- 
gine and Metal Propeller. Note High Lift Thick Wing, with Pronounced Overhang. 


can be used only on very fast flying i)lanes. The same applies to the aero- 
foil shown at ll, which has a reverse curvature at llte trailing edge. This 
wing has good aerodynamical ])roperties because the center of pre.^sure 
travel is small, but as its lifting I'ower is low C('>m])ared to the sections 
shown at C and 1), can l)c used to advantage only on speedy machines. 
The modern forms of high speed planes have doulde caml)ered aerofoils 
such as shown at Kig. 4-1. Such aerofoils ])ennit (ff sjuxmIs of over 200 
miles per hour when fitted to sea])lanes and 250 miles ])er hour maximum 
on a high-i)Owered land pUuie of similar design. Wings of the forms shown 
t at C and D are used on medium s]>eed bijdanes. The landing s])eed of a 
small ]dane having wings of the section shown at A ami !> w’ould l)e about 
60 miles per hour, and would call for very skilful piloting. 14iey would 
permit a maximum sjieed of about 120 miles ]>er hour. The other "wing 
sections at C and I) are suited for medium s])ee(l bi])lanes, as they would 
permit a landing sjiced of about 40 miles ])er hour. The maximum speed 
of a properly jiowered plane using Aving sections A or B may attain values 
of over 120 miles ]^er hour, that of sections C and D would not be much 
more than 80 or 90 miles ])cr hour. 

In order to illustrate how w idely the re(|uirements differ and the types 
of aerofoils best adapted f(»r use under different conditions of airi)lane 
operation, the sections at Fig. 34 are given. 44iese are reproduced from 
A. W. Judge’s treatise, *^The Properties of Aerofoils and Aerod}'namic 
Bodies/’ and shoAV practical bi])lanc wing sections of early development. 

The wing form required to secure the highest lift with the most effi- 
ciency is shown at A. Such an aerofoil Avould be suitable only for a low- 
speed machine, as it would offer a high head resistance e\'en at small angles 
of incidence. Tt AA^ould be a good form for sIoav flying machines but very 
inefficient for high-speed types. The section at B is typical of aerofoils 
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intended for medium flying speeds and at the same time secure a fairly 
low landing speed. An aerofoil of this ty])e could be utilized for a ma- 
chine having a flying range l)et\vcen 35 and 65 miles per hour. The wing 
at C shows a section deve]o])cd to obtain a high lift-drift ratio at small 
angles of incidence, and while a machine equipped with aerofoils of this 



Fig. 33. — A and B, Early Aerofoil Sections for Fast Planes. C, Aerofoil Section for 
Medium Speed Plane. D, R. A. F. 6 Aerofoil Section for Training Plane. 

section would not ba\ e a ^rv\ low alighting speed, it could attain fairly 
high fl}'ing speeds as the range would be from 55 to 160 miles ])er hour. 
The w ing section at T) is a ])eculiar aerofoil designed for \ ery high s])eeds. 
It A\o4ihl be entirely unsuited for ]ow-s])eed yvork and is to be used only 
on machines of very' high ])oyver. The landing s]>eed would 1)0 very high 
as the angle of incidence is negligible in normal flight. 

High Lift Wings for Monoplanes. — The-dey eloj)ment in the use of all 
metal wing structures and the solving of structural ])r()blems by 'the use 
of duralumin, an aluminum alloy that has the tensile strength of mild 
steel and that can be Iieat treated to increase its ])hysical ])ro])ertics as steel 
can, to a degree, and which weighs ab^ut one-third as much as steel has 
made ])ossible the construction of w ing sections of great strength and light 
weight and of deej) section. The light w^eighl and limited i)erf()rmancc of 
the early Wright and Curtiss biplanes, which w^ere built of s])ruce and 
bamboo, covered yvilh cotton sheeting and held together by stove bolts and 
'bracing of ])iano yyire were clearly the result t)f the limitati(^ns imposed by 
the structural materials at hand. I'-ven most of the Allied Avar ])lancs w^ere 
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built of spruce and ash and cloth, though there was some refinement of 
detail by the use of alloy steel tul)es and bolts and fittings in the structure 
and some slight saving in weight due to their use. The Germans, who had 
worked duralumin and magnesiuni-aluminuin alloys into the framework of 
their Zeppelin rigid dirigibles had developed a technique in the applica- 
tion of light metals to aircraft structures that ])ermitted them to build all 



Fig. 34. — Early Aerofoil Sections Designed for Special Work, Showing how Widely 

They Differ. 

metal aiT-])lanes that had good ])erf()rinance and that were light and strong. 
Mono])laiics w ere built by J linkers that had no exteniaj bracing and wdiicli 
show^ed very good aen.xhujaniical pro])erties because of the reduction of 
parasitic resistance. The deep section or thick wings made it possible to 
use bridge truss construction of the cantilever ty])e for the spars and all 
loads could be adecpiately resisted by internal bracing that offered only 
gravity resistance to flight and no ])arasitic resistance. After the war, 
much of this technique became available to other designers and the Ger- 
mans no longer had a virtual moiuqjoly over the design factors affecting 
heavy lift, deep section, all metal aerofoils. 
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One of the pioneer experimenters with hig^h lift wings in this country 
was William B. Stout and he proposed an airplane nearly ten years ago 
that would be practically all wing, the fuselage and even power plant being 
incori)orated in a deep section aerofoil. This was based on his idea that 
''the eventual airplane will expose no parts to the air that do not give back 
lift in return for their resistance.” When one considers that approximately 
two-thirds of the total power refjuired to overcome the gross resistance to 
flight is needed to overcome parasitic resistance, it will be evident that his 
reasoning was based on sound ])remises. 



-Comparison of the German Thick-Wing and the 
American Long-Chord Types 


Fig. 35. — Comparison of German Thick Wing and American Long Chord Type. 


In a ])a])er read before the Society of Automotive Juigineers, Mr. Stout 
discussed the problems of thick wing design in a very informative manner^ 
He stated : 

'‘'J'he entire ])rob]em in a thick-wing j(d) seems to be not so much the 
strength of the s])ar members involved, as this is comparatively easy to ob- 
tain, but the unny rigidity so that there is no distortion or Avarping of the 
wing against aileron action, nor change of angle of incidence at the tips 
at difl'erent angles of attack of the jilanc. Foreign designers, particularly 
of the (jerman school, have gone either to the thick-wing curves, such as 
the Junker, or to outside trussing, such as the Dornier. In the thick-wing 
junk(!r type, with an almost rectangular sjian of wing, the airfoil becomes 
so very deep at the fuselage in proportion to the chord of the wing that 
considerable sjieed is sacriiiced to structural dejith. To get the twist out 
of the wing, it is necessary to use very long* interlatticed spars of more or 
less tetrahedral connection. This binds the structure into a solid unit but 
adds considerable weight, although, in the metal Junker, the wing is about 
the same Aveight per sejuare foot as Avood-and-cloth Avings of the same 
general factor of safety and maximum .^jircad. 

In the Stout ty])C of A\ing Ave used a much more tapered plan view, so 
that for equal spar dejilh at the center section, as shown in Fig. 35, we had 
a wing of much better fineness ratio for high-sjieed work, at the same time 
the amount of structural space in the thick-wing, or German type of wing, 
extended only as far as the shaded pijrtion A whereas, in our long-chord 
type, our structural space Avas almost three times the volume, as at B, allow- 
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ing considerable advantage particularly for wing-tip rigidity. It was pos- 
sible to build larger areas of e<iual weight by this method. The advantage 
of getting the greater amount of area toward the fuselage is obvious, from 
both structural and aerodynamic standpoints. 

Metal for Wing Structure. — It is true that steels can be had of much 
higher tensile-strength per pound than dural, as duralumin has come to be 
called collociuially. It is also true, however, that these steels, heat-treated 
in very thin sections, are even more of an unknown quantity due to in- 
accuracies in the heat-treating, particularly in e.xpcrimental structures, and 


Duralumin Metal 



Fig. 36. — Ford-Stout Tri-Motored All-Metal Transport Plane, a Recent Commercial 
Design for Carrying Freight or Passengers. Note Tapering Thick Section Cantilever 
Monoplane Wing and Absence of Bracing Struts or Wires. 


therefore have varial)le ])hysical characteristics. Dural, treated in a bath 
of nitrates at temperatures well under control and fabricated quickly be- 
fore the tempering has begun to take eftect, is thoroughly reliable and can 
be depended upon for a 55,0()0-pound ]K‘r s([uare inch tensile-strength, with 
an 18-per cent elongation. Tf steel spars are used in connection wdth dural 
structure, provision must be made for diUerences in the coefficiciTt of ex- 
pansion and for the production difficulties of riveting metals of different 
hardness." 

The following prediction regarding all metal construction for aircraft 
W'^as made about five years ago (1922) by Mr. Stout and that it is becoming 
more and more true as time goes on is evident to the student familiar with 
late airplane development. “It cannot be expected tliat the first metal- 
construction attemj)ts of any nianufacurer will be a success in every par- 
ticular but, if America is to lead in aircraft, it must lead in metal aircraft, 
as it is my opinion that, in a comjiarativ cly fcAV years from now, wooden air- 
planes in the air will be scarcer than wooden shi])s on the sea, and that all 
airplanes flying under insurance rulings will be of all-metal construction. 

Thick-wdng airplanes are developing fast, both in monoplane and bi- 
])lane types. Retractable chassis, wdng-type radiators and all those items 
that the recent Pulitzer events have shown to be practicable, will , appear 
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shortly in commercial airplanes and increase their profit-paying possibil- 
ities. But if safety and low cost are to come Avith these items of greater 
performance, then must inetal construction and production methods be ap- 
plied to the producing of an airplane for American air-services that shall be 
safe, cheap, economical and long-lived. 

All metal planes, to date, can be called ex])erimental. The future com- 
mercial airplane, however, Avill undoul)t(*(lly be an all-metal construction. 
Metal planes mean greater safety to ]nlot and cargo; a possibility of con- 
siderably lighter Aveight; less production cost, ])aiiicularly as quantities go 
up and the demand increases; and easier servicing and simple repairs pro- 
vided the air])lanes are designed with this idea in view.” 

One of the latest ty])es f)f all metal airplain's dcATloped by Mr. .Stout 
and built by the fiord Motor Company is slnovn at fiig. 3t). It is a deep 
section mono])lane and is ])o\\ered aa ith three 200 horsepower AAh'ight 
motors of the radial air-cooled tvpe. 



Fig. 37. — Wing Sections Experimented with to Determine Value of Top Camber. 


Effect of Aerofoil Camber. — B(»th up])er and lower cambers of an aero- 
foil have material infiuence on the aerodynamical ])roi)erties. Very com- 
plete experiments have been made to determine both the ii])per and h)Aver 
cambers, and considerable data is available for the student. It is not within 
the province of a discussion of this character to go dee])ly into the theory 
of foftn and ]wo])()rtions, but it ma\ inteiavst the reader to consider typical 
designs in both cases and study the values determined for each form. For 
example, a range of sixes of Avhich the forms shoAvn at Fig. 37 arc examples 
were tested, all having a fiat loAver surface but w ith up])er surfaces of vary- 
ing couA^exity and depth of section. The figures in the illustration show 
the proportions the maximum ordinate bears to the chord. The position 
of the maximum ordinate AA as the same in each case, or about 0.292 of the 
chord from the leading edge. It is fnimd that the thicker the aerofoil the 
greater the lift coefficient at small angles of incidence. This is undoul)tedly 
due to a greater total defiection of the air. d'hc thin aerofoil at A starts to 
lift at minus 1 dc^gree of incidence, but the thick section at C starts to 
lift at minus 7 degTces angle. At 0 degrees angle of incidemee the values of 
the lift coefficient are proportional to the de])th of sections, d'he section 
best adapted for a Aving for average flying is one that has a Lop camber that 
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is an average between the form shown at A and R, the depth of the camber 
being about 1/20 the chord length. The camber shown at C is used only 
in propellers and in tliick wing monoplane aerofoils and then only where 
strength is desired, as near the hub of the air screw or at the point of 
attachment of the wing and the fuselage when the cantilever principle is 
employed for wing su])port with internal bracing. It would have too much 
resistance to be used for a wing section throughout the length or span 
of the aerofoil. 

Effect of Varying Lower Camber. — In order to determine the influence 
of various lower cambers, a series of aerofoils were made with various 
degrees of concavity. A series of tests were made with four aeroh)ils hav- 
ing sections as outlined at Fig. 38. The deduction that can be made from 



Fig. 38. — Wing Sections Experimented with to Determine Value of Various bottom 

Cambers. 

the data shows that tli(‘ under-camber influence is to iiicrease the lift at 
all angles and even at small angles the ]»ercenlage increase is considerable. 
The form at I) has the greatest lift coedfleient \’alne. /\t y.ero angle of in- 
cidence the form at W has 13.9 ]>er cent increase over A; C has 24.2 per 
cent, and D has 33.3 ])er cent increase over the form with the flat under- 
surface. The upper cand)cr was the same in all cases. At 6 degrees angle 
of incidence the ])ercentage increase varies as follow's: R, 4.9 ])er cent; 
C, 8.2 per cent; D, 12.9 ])er cent. At 10 degrees angle of incidence the form 
at B has 2.8 per cent increase; 7.3 ])er cent increase, and D, 11.2 per 
cent increase. 

It is therefore evident that the best form for securing maximum lift at 
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low speed will have both tipper and lower surface cambers pronounced, A 
sharp leading edge is not as good as a slightly rounding one. The wing sec- 
tions of birds show a fine tail angle and have considerable under camber as 
well as a pronounced upper cam1)er and a rounded entering edge. It is 
possible to obtain 10 to 15 per cent more lift at high angles of incidence by 
using a fine tail angle and a good under canil)er. For high-speed biplane 
work it is evident that aerofoils having a good upper camber but a nearly 
flat lower camber or forms having two convex surfaces as shown at Fig, 
34, C and 1^ wiM be most suitable. 




Fig. 39. — Two Efficient U. S. Army Thick Wing Sections with Curved or Cambered 

Lower Surfaces. 

In considering changes in Ihe lower surface of modern thick wing sec- 
tions, it is found that the T./D is a maximum when the lower surface is 
nearly flat and decreases in value if the camber is moved much either way. 
The lift is increased at all angles of incidence by raising the lower surface. 
The minimum drag comes at lower angles with thicker sections. Sections 
with a thick leading edge and thin trailing edge give a low drag and high 
lift at all angles. The maximum lift is greatest wdien the maximum or- 
dinate is 0.160 of the chord and a slight variation either side deergases the 
lift appreciably. The maximum ordinate must be kejH very closely at 1/3 
(one-third) of the chord from the leading edge or the maximum lift will 
be reduced materially. The wdng sections showm at Fig. 39 have a value 
of 12.9 L/D and arc efficient wdng sections of that type. Those shown at 
Fig. 40 have a value of 13.2 for the Durand 13 and 12.3 for the U. S. A. 
T. S. 9. 

The general conclusions to be drawn from a scries of tests made in the 
wdnd tunnel of the Massachusetts Institute of Technology some years ago 
are that the u])per surface is the more important in determining the prop- 







DESIGN AND CONSTRUCTION OF AEROFOILS 


121 


erties of a thick-wing section, and that a small change in the upper camber 
makes a great alteration in the character of the aerofoil. The maximum 
ordinate must be very close to 1/3 of the distance from the leading edge, 
and the height of the ordinate must not exceed 1/6 of the chord, or the 
streamline flow will not persist at large angles. The L/D is not aflfected by 
small changes in the lower surface, which should be designed to permit 
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Fig. 40. — U. S. Army Thick Wing Sections Suited for Cantilever Monoplane Aerofoils. 
A — Durand No. 13, a Very Effective Form Having no Camber of Lower Surface. 
B — U. S. Army T. S. 9 Wing Section C and D Show Thick Wing Sections with Out- 
wardly Curved Lower Camber, Such Wing Sections More Nearly Approximate Stream- 
line Shape than Other Forms. 

maximum depth of spars. Sections of great thickness may have heavily- 
rounded edges without in any way im])airing their good (jualitics. If the 
reader will refer to the Ford-Stont tliree engine monoplane shown at Fig. 
36, it will be evident that the leading edge is very heavily rounded and not 
sharp as is the case with thin-section 1)i])lane aerofoils. Another pofnt to 
be noted in studying this airplane is that the aerofoil is a double cambered 
section. Two thick section aerofoils tried out by the U. vS. Air Corps are 
shown at Fig. 40 C and 1). Such aerofoils are not subject to the rapid 
center oTt pressure fluctuations with varying angles of incidence that the 
aerofoil having a lower camber as that in U. S. A. T.^S. 8 shown at Fig. 
39. The maximum L/D is not of such high value, as that of the T.S. 17 is 
but 12 while the T.S. 16 has a value of 12.2. The drag decreases for 
angles between — 2° and 10'^’ incidence with increased thickness unjil a 
double camber is reached. The L/D is a maximum when the low'er sur- 
face is nearly flat as in Fig. 40 A and R and decreases if the camber is made 
cither concave or convex, as in Fig. 39 K. A marked structural advantage 
of a double outward camber aerofoil is that it permits using deep section 
spars without too great sacrifice of aerodynamical properties. 
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Pressure Distribution on Aerofoils. — Consideration has previously been 
given to the various aerofoil sections and diagrams have been presented 
showing the supposed air flow about the cambered sections so that a 
definite lift could be obtained both from the positive pressure existing 
below the plane and the negative pressure existing above it. It is appar- 
ent that the greater part of the lift at normal angles of incidence is secured 
by the negative pressure and that this is always greater than the positive 
pressure below the plane regardless of angle of incidence. Pressure ob- 
servations have been made by EifTcl and others with aerofoils of varying 
cross-sections and while numerous interesting deductions could be made 
by studying the entire series of tests, in a discussion of this character it is 
only necessary to study typical diagrams which show graphically the pres- 
sure distribution. 
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Fig. 40. — Continued — C and D — These Wing Sections More Nearly Approach Stream^ 

line Bodies. 

Referring to Fig. 41 a dee]) cambered A\ing section is shown at A that 
has no perceptible angle of incidence. The* pressure distribution is repre- 
sented graphically by normals drawn from 1)ot!i u])per and lower surfaces 
of the aerofoil and having the degree of ])ressure existing indicated b}^ 
making the length of the lines pro])ortional to the existing pressure. The 
positive lift is denoted by normals drawn from the lower surface down, 
while the negative pressure or suction lift is indicated by lines drawn 
normal to the up])er cambered surface. It will be evident that at zero 
angle of incidence practically all of the lifting force present on the wing is 
produced by the negative pressure or suction lift above the cambered sur- 
face. There is a certain amount of negative pressure on the underside of 
the aerofoil at the entering edge which actually detracts from the efficiency 
by reducing the lift. It will be apparent that in the wing of a fast airplane, 
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the top surface should be so designed as to carry practically all of the load. 
The aerofoil tested had an aspect ratio of six and the tests were made at 
a wind speed of a mile per minute, or 60 miles per hour, which would corre- 
spond to a low flying speed even for an aeroplane having deeply cambered 
wing section and only moderate power. 





Fig. 41. — Graphic Diagrams Showing Pressure Distribution on Top and Lower Sur- 
« faces of a Cambered Aerofoil at Varying Degrees of Inclination. 

U. S. A. Wing Sections. — The U. S. A. wing sections are a series of 
carefully designed aerofoils, the data for the contours of which was ob- 
tained by careful consideration, both from a structural and an aerodynam- 
ical viewpoint, of similar foreign and American sections. Good standard 
sections were refined and modified both from a theoretical and practical 
viewpoint and tested at the aerodynamical laboratory at the Massachusetts 
Institute of Technology. As all sections were tested at the same L/D 
ratio, and under standard conditions, a true comparison is at once pos- 
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Fig. 41 A. — U. S. A. Wing Sections Showing Proportions. 


sible. Ordinates of vsections, tables and curves for Ky, Kx, L/D and 
center pressure movement are a])pended. The most important of the sec- 
tions are shown at Kig:s. 41 A and 41 B. 

No useful purpose will be served by a lengthy discussion of the proper- 
ties of the foregoing sections and any one interested in design can obtain 
full data regarding these wing sections from the technical section of the 
Air Corps. The center of pressure motion of all these wings is about 
identical and all the sections give ample depth for spars. In regard to 
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Fig. 41B. — Some Important Wing Sections Tested by U. S. A. Technical Division, 

Air Corps. 


aerodynamic efficiency, it is still best, in spite of the many methods of 
comparison and plotting developed, to select two or three wings for a 
given airplane and draw up jierformancc curves for each. The table ap- 
pended may be of assistance in preliminary selection. 

Landing speed depends upon the maximum Ky. Kconomical cruising 
speed depends upon the maximum L/IX Efficiency when climbing de- 
pends roughly upon l./l) at 2/3 maximum Ky. Efficiency at medium 
speed twice minimum depends upon L/D at 1/4 maximum Ky, while at 
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high horizontal speed which may reach about 2;^4 times the minimum, the 
efficiency of the wings depends up L/D at about 1/8 maximum Ky. The 
table enables one to select readily the two or three wings best fitted for 
the i)articular qualities most desired. 

The well knoAvn l^ritish vsections R. A. F. 3, 6, 14, 15, and 17 are in- 
cluded in the table for the purpose of comparison. The sections were all 
tested at Massachusetts Institute of Technology under the same conditions 
as the U. S. A. sections, hence the results may l.)e compared directly. 
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(ioofl lii^h altitude winj^. 
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.00324 

15.3 

9.7 

3 8 

16 4 



4 

.00304 

13.0 

87 

4 0 

15.0 

(k.Kid for heavy machines. 


5 

.00328 

14.() 

11 4 

4 5 

16.2 




.00207 

10.2 

11 5 

5.0 

172 

High climb. 


10 

.00287 

14.4 

12 2 

4.3 

10 4 



11 

.00285 

14.7 

10.6 

4 0 

10.0 


( 

14 

.00280 

15.1 

11 2 

0.0 

10.4 



15 

.00300 

14.7 

127 

0.2 

10.5 



16 

.00252 

15 1 

[ 15 2 

o5 

188 

(lOOfl for light machines at 







high altitudes. 


17 

.00275 

14.5 

13 2 ; 

7.4 

lo.O 

Idght speed scout wing. 

RAF 

3 ' 

.00248 

14.7 

oc 

3.0 

15 6 


RAF 

6 

.00.50.^ 

13.8 

10 1 

4.8 

16 8 


RAF 

14 

.0022(1 


11.1 

3 0 

15.4 


RAF 

15 ' 

.00282 

14.0 

12 2 

72 

15.7 

Inferior to IT. S. A. 14-15-16. 

RAF 

17 

.00280 

13 0 

10.() 

5 1 

14.2 
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Inclination for Maximum Efficiency.- The maximum efilciency of the 
aerofoil was obtained A\ith the wing at the position shown at Fig. 41 B in 
which the angle of incidence is 4 degrees as, while the lift is not as great 
as it is at a higher angle of incidence, it is at this position that the'greatest 
lift is obtained with the least resistance. It Avill be observed that there is 
more uniform distribution of pressure upon both upper and lower surfaces, 
and while the value of the negative ])ressure is of considerably greater 
amount than that of the positive lift, both of these attain their greatest 
value but a short distance from the leading edge. At 12 degrees inclination, 
shown at Fig. 41 C which can be considered the ])osition of maximum lift, 
the great increase in the negative pressure effect near the leading edge at 
this angle of incidence is easily noticed; also the progressive falling off 
toward the trailing edge. 
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Position of Center of Pressure. — From these graphic diagrams it will be 
evident that it is because of the greater magnitude of both positive and 
negative pressure effects near the leading edge that the center of pressure 
is nearer to the leading edge than to the center of the aerofoil section at 
ordinary angles of flight. While the position of the center of pressure 
varies, it may be stated to average about one-third of the length of the 
chord from the leading edge. With a certain aerofoil section the pressure 
upon the upper surface near the leading edge at an angle of inclination of 
10 degrees and with a wind speed of a mile per minute is about 40 pounds 
per square foot, while near the trailing edge it is about 3 pounds per 
square foot only, which makes the average lifting force for the whole 
surface about 10 pounds per square foot. 



Fig. 42. — Curtiss Carrier Pigeon Plane for Mail and Express has High Lift Aerofoils 

in Biplane Relation. 

What Is Meant by Critical Angle or “Burble” Point. — If an aerofoil is 
tilted from 0 incidence, the values of the suclion lift or negative pressure 
on the top camber continually increase until a certain angle is reached 
which invariably lies betwen 14 degrees and 20 degrees, where ai pro- 
nounced change in the values of the ])ressures occurs and where a further 
increase results in a practically uniform and reduced lift. This is called 
“the critical angle” because, as has been previously shown, the value of the 
lift coefficient becomes suddenly reduced, while the drift coefficient, which 
is a measure of resistance, increases greatly. The sudden change in the 
pressure distribution is sometimes called “the burble point” and is evi- 
dently due to a sudden alteration of the air flow over the camber of the 
top surface of the aerofoil, and air flow in which there are so many eddy 
currents that there is a dead air region which offers resistance without pro- 
ducing any useful lifting effort. 

Greatest Lift Produced by Upper Surface. — It will recjuire but brief 
study of the graidiic pressure diagram given at Fig. 41 to ascertain that of 
Mie total lifting force on a cambered surface aerofoil that the greatest lifting 
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effect Is due to the negative pressure or suction lift on the upper surface. 
The amount of this lift will vary with the section of the aerofoil, and it may 
be stated to range from 75 per cent in the case of a flat plane to as high 
as 92 per cent in the case of a cambered plane at zero angle of incidence. 
In the case of aerofoils having a fairly flat lower surface, the upper surface 
at 0 degrees incidence practically sup])orts the load. At 4 degrees the lower 


High Lift 
Upper Wing 



Fig. 43. — Curtiss Lark Three Place Passenger Plane with High Lift Moderately Thick 
Section Aerofoils. Note Radial Engine and Metal Propeller. 

surface contributes but 18 ]jcr cent of the lifting effect. Aerofoils designed 
for fast flying arc of such form that the upper surface contributes from 95 
to 100 per cent of the total lift while in cambered sections designed for 
slower-specd machines the ujiiier surface is responsible for from 65 to 85 
per cent of the lifting influence. The following table shows the percentage 
bf the total load carried by both surfaces in testing an aerofoil having a 
fairly high total lift. 


TABLE VI 

PcrccntaKt* of Total T.oad Carried 


Angle of Incidence 

Lower .Surface 

Ih»l>er Surface 

t 

0 dcgreesi 

8 

92 

4 

18 

82 

6 

2d 

74 

8 

28 

72 

10 

31 

69 


The figures given are useful as a guide but will vary with the type 
of aerofoil and also with its method of application, or if it is to be used 
as a component of a bijdane structure or as a monoplane. A typical wing 
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Pig. 44. — Curtiss Racing Twin Float Seaplane Showing High SpeeH Double Cambered Thin Section Aerofoils in Biplane Relation. 
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section used in a biplane structure intended for mail and express service 
that has shown ^ood performance is tliat shown at Fig. 42 which depicts 
the Curtiss '‘Carrier Pigeon’* and at Fig. 43 which shows a Curtiss "Lark” 
having accommodations for two passengers in the forward cockpit. Com- 
paring these with the wings shown at Fig. 44, which shows the Curtiss 
Navy A26 racer is interesting in determining wide range of design. 

Wing Having Varying Camber or Section. — Pressure distribution tests 
in the wind tunnel and static strength tests have recently been conducted 
at the Daniel Guggenheim wSchool of Aeronautics of New York University 
for the wing used in the Edo Aircraft Corp flying boat, to the designs of 
B. V. Korvin-Kroukovsky, the chief engineer of this company by Prof. 
Alexander Klcmin, were recently reported in "Aviation.” 



Fig. 45. — How Section of Edo Flying Boat Wing Varies to Meet Different Conditions 
of Loading along the Wing Span and to Secure Good Aerodynamical Properties. 


The design of the wing j^anel ])rovides a most interesting illustration of 
what skillful design can achieve in so varying the (‘lements of a \v’ing along 
its span as to ])rodnce desirable aerodynamic characteristics, and at the 
same time so as to ]n-ovide s])ar de])ths corresponding to the loads imposed 
at different ])oints of the wing s])an. The structural design of the wing also 
provides a novel and ingenious attack on the ])roblem of eliminating twist- 
ing effects in a monoplane without resorting to multiple sj^ar construction. 
The general character of the wing, for Avhich the Aeromarine No. 2-A was 
used as the base section, is shown in Fig. 45. The wdng has a high upper 
and IfAver camber at the root, with comparatively little si)ar depth. From 
the root outw ard, the u])])er camber increases slightly and the lower camber 
diminishes until there is a i)ronounced Phillj])s entry and s])ar de])th is in- 
creased. Thereafter, the u])])er camber diminishes and the wo’ng passes into 
a thin double-cambered section at the Aving tij)s. • 

The Aving meets the stress requirements of the design admirably. At 
the root there is a high camber, but com])arativcly little s[)ar depth, which 
is as it should be, since the bending immients are zero at the hinge. Where 
both the maximum bending stresses and the direct compression of the left 
truss occur, the Aving has its maximum spar depth. Tow ard the tip Avhere 
the stresses are low’, the si)ar depth reaches approximately a minimum 
value. But it is, ]3erha])s, more remarkable that by utilizing the now gen- 
erally accepted theory that the lift of a Aving element depends not on the 
thickness but on the camber of the median line, the designer has combined 
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with excellent structural characteristics, a pressure distribution along the 
span which is highly desirable aerodynamically. 

By the theory of induced drag for airfoils, it is advantageous to have 
an elliptical pressure distribution along the span of the wing. The induced 
drag due to the tip vortices is thereby reduced to a minimum for a given 
value of the lift coefficient. Reducing the induced drag is particularly im- 
portant at high lift coefficient corresponding to climb, when the induced 
drag becomes the preponderating part of the total resistance of the wing. 
That elliptical lift distribution is advantageous has been demonstrated not 
only theoretically, but also in the wind tunnel. In the Gottingen experi- 
ments it was sought to obtain an elliptical lift distribution by progressive 
decrease in the angle of incidence or '‘wash-out” toward the tip. In the 
Edo wing, elliptical lift distribution has been obtained at both high inci- 
dence and low incidence without change in the angle of incidence. 

Planes for Racing. — Professor Alexander Klemin, writing in the Scien- 
tific American discusses airplane speed possibilities in a very interesting 
manner. He says: 

“Speed in airplane racing is more dependent on basic engineering skill 
and calculation than even with motor boats or racing cars. In basic prin- 
ciple the airplane has changed very little from the first Wright biplanes. 
A better wing, but still an inclined jilane, provides sustention or lift; the 
same type of infernal combustion motor, acting through the same type of 
propeller, overcomes the drag or air resistance; the same structural ele- 
ments are present ; practically the same system of air control. But ^what 
tremendous difference in the results attained! The secret of the difference 
lies in the tremendous refinement of each se])arale element. The Wright 
brothers were lucky to obtain 40 horsepower from their motor, which weighed 
nearly 200 ])oinids. In the race the Curtiss 1^-12 engine, undoubtedly the 
most wonderful racing motor in the world, developed fully 500 horsepower, 
yet it weighed well under 700 jMiiinds, and its area, projected on a plane at 
right angles to the line of llight, is but a few square feet. 

In the modern racer or fighting ])lanc there is a tremendous concentra- 
tion of power, ddie Curtiss racer weighed only 2097 ])ounds — not much 
more than four pounds jier horse])ower — and with this tremendous power 
the supporting surface is reduced to the minimuin — 148 s([uare feet. Less 
area and but a few hundred i)oiinds more weight than the Wrightfi flew 
with, when their motor developed but 40 horsepower and 40 miles an hour 
was a high sjieed. The wings of the racer are thin of camber; they pro- 
vide com])aratively little lift at a given speed, but their profile is really 
beautiful. In addition to the camber on the upper, there is a slight camber 
on the lower surface, giving the eye a definite im])ression of “streamline,'’ 
of offering the very least resistance to motion of any sustaining surface 
ever designed. And the aerodynamical laboratory shows indeed that their 
efficiency as measured by the ratio of lift to resistance is over 20 to 1. 
In the early days of aviation 11 to 1 was considered good. Gone is the 
forest of struts and wires of biplane structures of early days. The wing 
bracing is now reduced to a minimum— a small I-shaped strut and three 
streamline wires on either side and direct attachment to the fuselage in the 
center. The body of the airplane is beautiful in its streamline form, no 



132 


MODERN AIRCRAFT 


part of the engine projects — it is all carefully cowled in — even the exhaust 
stacks are housed in a wing-like covering, and the pilot’s cockpit is such 
that the air flows past it with a minimum disturbance. The chassis must 
still have rubber cord to absorb the .shock of landing, but the entire sys- 
tem of shock al)sorption is housed within the wheels themselves, removing 
all harmful air resistance. The propeller is no longer a thick wooden blade, 
but a thin duralumin forging (as shown at Fig. 44) thinner and more 
efficient than is possil)le with the most carefully designed propeller in oak 
or mahogany. There is no clumsy automobile type of radiator in evi- 
dence. The engine works continuously at full power and must be cooled, 
but the cooling water circulates through the wings themselves and is 
therefore freed of its heat without imposing any resistance to motion. By 
the use of duralumin, strong as mild steel and one-third the weight, the 
weight of the entire structure is reduced to a minimum, explaining largely 
the extraordinarily low weight per horsepower it is possible to obtain in 
the modern racer.” 

Future Speed Possibilities. — The participation of the Army and Navy 
Air services in the Pulitzer races involves great expenditure. But it is 
fully justified. The general progress in performance, aerodynamics and 
construction evolved under the stress of racing conditions is immediately 
carried over into the construction of practical fighting ships. Ultimately it 
will be carried over into the field of commercial aviation in such degree of 
modification as experience will dictate. If 300 miles an hour were com- 
mercially possible, New York to San Francisco would mean less than 10 
hours flying, a possibility which would certainly have value. The question 
arises whether the practical limit of airplane speed has now been reached. 
From the point of view of the engineer it undoubtedly has not. It is true 
that the utmost refinement has already been attained in structure, in the 
use of light materials, in aerodynamic streamlining, in improving wing 
efficiency and cutting down wing area, and in the power plant. We could 
fly faster with smaller wings, but then the landing speed would become 
prohibitively high. But there are still avenues of progress. 

.Snp])ose a wing could be practically used in which the camber or 
thickness could be varied at will. Camber is almost synonymous with lift- 
ing ])ower. In making a get-away or on landing, the pilot would use a 
heavy^ camber to keep the speed down. Once in the air the camber would 
be reduced to a minimum so as to secure the maximum speed possible. It 
is difficult enough to build an airplane wing* structure which shall be safe 
and adequately rigid Avithout any moving contrivances, but still there 
seems no inherent reason why a practical method of camber control should 
not be developed sooner or later. Variable area has the same basic ad- 
vantages as variable camber and may b(.‘ another method of attacking the 
same problem. Yet a third method of varying at will the lifting capacity 
of the wing is in the famous Handley-Page slotted wing, whereby the 
opening of a carefully shaped slot in the leading edge of the wing, in com- 
bination with the pulling down of the trailing edge, produces extraordinary 
results, increasing the lift in some cases by 80 per cent. 

It does not seem possible to diminish the resistance of the fuselage 
very greatly, but it is quite feasible to think of the landing gear being 



DESIGN AND CONSTRUCTION OF AEROFOILS 


133 


withdrawn in flight into the fuselage, with a corresponding decrease in 
head resistance and increase in speed, provided always that a simple and 
entirely dependable mechanical contrivance can be found. In its present 
form the aviation engine is not susceptible of indefinite improvement in 
lightness or size for a given power, but experiments are being carried out 
both in Europe and the United States on what might be called crankless 
engines, in which the elimination of reciprocating motion has resulted in 
all the advantages of a gas turbine, namely, extreme compactness and light 
weight, without its inherent difficulties. Another line of approach in the 
securing of tremendously high speeds lies in flying at altitude. The super- 
charger can be made to maintain the full power of the engine at altitudes 
of 30,000 feet. Granted this fact, the speed of an airplane can be increased 
quite appreciably by flight at altitude, where the air offers less sustention 
but also less resistance. 

New Aerodynamic Theory. — A practical, yet simple, explanation of the 
modern conception of aerodynamic drag is of great importance and until 
this is fully understood, it will not be possible adequately to adapt modern 
theory in this connection to airplane design prol)lems, such as the estima- 
tion of power consumption and power required under certain conditions 
in airplanes. 

A very considerable amount of mathematical and experimental work 
has, in the past, 'been carried out on the aerodynamic theory of airfoils and 
other allied subjects and much has been published as a result of these 
researches, although all of the work, almost without exception, hasj:)ecn 
of a character far over the heads of many aeronautical engineers and air- 
plane designers for the simple reason that the mathematics involved have 



Fig. 46. — Illustrating Induced Drag of Airplane. 


been of a highly specialized and complicated nature. The results of all this 
work are, however, of very vital importance to the practical engineer for 
upon the very latest conceptions of aerodynamic theory must rest, to a 
large e^ttent, the degree of aerodynamic efficiency possible in the most 
modern application of design. 

Theory, in the main, has resolved itself into a thorough investigation 
of the drag of airfoils, etc., and the resolution of much of the theoretical 
work which has been done into a form in which its application to airplane 
design is practical has been a problem u])on which the Air Service Engi- 
neering Division at McCook Field has given considerable attention, cul- 
minating in the recent publication of an “Air Service Information Circular’^ 
Vol. VI, No. 560, entitled, “Notes on Airplane Performance from the Stand- 
point of the Modern Conception of Drag.” 
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Parasitic and Induced Drag. — The drag of an airplane is made up of two 
different parts: 

a. The parasite drag results from friction of the air on the parts of 
the airplane, including the wings, tail, fuselage, landing gear, etc., and from 
the eddies set up by these parts when in motion. It is assumed for the 
sake of simplicity that it follows the familiar law. 

Parasitic drag = 0.00327 A^ V- 

where A is the area of a flat plate normal to the airflow having the same 
drag as the i)arts considered, and V is the relative speed. 



Fig. 47. — Exterior View of Curtiss Wind Tunnel. 


h. The induced drag, as its name implies, is induced by the airplanes’ 
own dowiiwash. This drag follows a different law of variation from the 
first, namely : ^ ^ 

Parasitic drag 125- 

S2 V2 
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where L is the lift and S the span of a monoplane wing. In both cases 
the units are pounds, feet, and miles per hour. 

The notion of parasite drag, equivalent flat plate and their applica- 
tions are quite familiar, but heretofore the equivalent flat plate has never 
been made to include the friction drag of the airfoils. The modern view- 
point requires that this friction drag be considered as a separate part of 
the wing drag, since it varies according to a difTereiit law than the rest 
of the wing drag. For eacli good airfoil the drag has a nearly constant 
value within the speed range, increasing gradually as the burble points 
are reached. An airfoil must be considered as having two burble points, 
one at the angle of attack of maximum positive lift, the other at the angle 
of maximum negative lift. Ordinarily the latter occurs when this nega- 
tive lift has a considerable magnitude, but for some deeply cambered sec- 
tions it may occur near the value of zero lift, or at some low values of posi- 
tive lift. 

Thus when the deductions and estimates are based on the assumption 
that the airfoils’ friction drag is nearly constant, care must be taken that 
the airfoil is really operating well between the burble points. 

The value of airfoil friction drag is determined by subtracting the in- 
duced drag from the total drag. 

The ratio of maximum lift to friction drag is a good measure of the 
excellence of an'airfoil. This (jiiantity does m^t assume any value for in- 
duced drag which is usually varied at will through changes in aspect ratio. 

Tables 7 and 8 show the parasite drag of typical airfoils and airplanes. 


TABLE Vll 

Parasite cocfllncnts (A various airfoils. 

(t^roni Massacliusetls Institute of Technology test; 40 miles per h(nir 30 by 6 airfoils) 


Airfoil 

AI illinium 
friction 
drag 

Ky 

Afaximum 
At illinium ; 
friction 
drag 

Ky 

maximum 

lb S. A. 45 

0.0000276 

0.00334 

1?0.0 

Clark Y 

.0000269 

.00318 

118.2 


.0000334 

.00383 

114.5 

R. A. K. IS 

.000025 

.0026 

104.0 

Gott. 430 

.000033 

.00338 

102.5 

U. S. A. 27 

.0000345 

.00346 

09.8 

Gott. 43(> 

.0000313 

.00310 

08.0 

Gott. 387 

.000041 

' .00366 

80.3 


Value of Induced Drag. — d'he value of induced drag is determined in 
the following manner: 

As an airplane flies it disturbs a cylinder of air, Fig. 46, and imparts 
a certain downward motion to it. The mass of air aflected per unit of 
time is 
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m^KpS-V (1) 

where K is a coefficient determined experimentally or theoretically. 

P is the air density = 0.00237 
S is the span in feet. 

V is the speed of the airplane in feet per seconds. 

A downward velocity w is imparled to this air, and the airplane must 
climb at that rale in order to maintain its path; to do this, work is ex- 
pended at the rate L w, L l)einj^ the lift. This work is performed by a 
thrust which is equal to the induced drag Dind 
so that Lw VOimi 

Lw 

and Dind == (2) 

V 

Now the lift ])roduce(l by imparlinjL; the downward motion to the air is 

]. = niAv =- l\pS"Vw 

L (3) 

w 

K p VS- 

substituting (3) in (2) 

I). (4) 

K V=S- 

K has been given the follow ing values 
1.57 for monoplane 

1.89 biplane wdtli ga])-si)an ratio 1:10 

2.84 biplane with ga]j-span ratio 1:6 

This means that biplanes, for the same actual span and area make use of 
greater quantities of air than mono])Ianes dO and more as the gap is in- 
creased. This leads to the notion of equivalent niono])lane span w’hich is 
necessary for comparing bi]dancs of varying gaj) to span ratios. Tt is pos- 
sible to use, as a constant value for K, the monoplane value 1..S7, the numer- 
ical constants in formula (4) are usually combined so V can be expressed 
in mi^^s per hour and the usual form of the formula is 

L2 

Dind — “ 

1 .57X0.00237 X 1.467- S- (5) 

L- 

125 

S- V- 

The horsepower re(juired for overcoming induced drag is: 

125 L-V /L\2I 

H p,.,, “"■ (“”) (6) 

375 S^V- \S/ 3V 

1 . 

The factor — is called span loading. Tt is the only factor depending 
S 
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on the dimensions of the airplane which affects induced drag or induced 
power. S is always the span of the equivalent monoplane. If two air- 
planes have the same equivalent monoplane span loading, their induced 
dra^ will be the same at each speed regardless of their size. Induced drag 
is that portion of the drag that can never be eliminated by streamlining or 
changing wing sections, it is the direct consequence of obtaining lift with 
an airfoil of finite span. In order to have the maximum equivalent mono- 
plane span with a given span and gap, a multiplane must have the best 
possible lift to drag ratio, which condition requires adjustment of the lift 
distribution between the airfoils. This can be accomplished by a certain 
. amount of decalage or difference in upper and lower wing sections and this 
varies with the ratio of spans, of chords and amount and nature of stagger. 
There is no simple method of solving the best value for these variables, 
mathematically. Wind tunnel tests with models will give values experi- 
mentally. Stagger varies the induced drag or lift of the upper and lower 
wings but does not affect the total amounts of these quantities for the 
cellule. 


TABLE VIII 

Parasite areas of various airplanes. 


Airplane 

Weight 

(Ac) 

T otal 

(Ac) 

Wing 

(Ae) 

Structure 

XBI-A 

3,590 

13.5 

3.1 

l0.4 



3,605 

13.5 

4.5 

9.0 

VE-9 

?.269 

8.4 

2.1 

6.3 

CO-5 

4,193 

12.8 

4.7 

8.1 

CO-4 

4,493 

14.5 

4.5 

10.0 

MB-2 

10,363 

58.8 

10.6 

48.2 

PW-8 

2,784 

8.1 

2.0 

6.1 

Messcnj^er 

862 

5.5 

1.8 

3.7 

DeH-4 

4,297 

17.55 

3.35 

14.20 

SE-5A 

2,060 

9.33 

1.88 

7.45 


Various charts and other formulae are given in the paper from which 
these excerpts have been taken and as the pul’)lication is a public doci^nent 
it can be obtained by any interested designer or student. Only enough has 
been presented so the reader of this treatise will have a definite idea of 
what ‘"induced drag'’ and “equivalent monoplane span” are and how they 
may be -used. Unfortunately, the general determination of equivalent 
monoplane span of multiplanes is a difficult ])roblem and no precise mathe- 
matical solution is yet available, because authorities arfe not yet agreed on 
the variables affecting the problem or the values they have. Much de- 
pends on experimental determinations. This new point of view, which 
some designers say greatly simplifies computations requires that such con- 
ceptions as aspect ratio, gap-chord ratio, L/D, D/L, be used less fre- 
quently; while other new quantities such as equivalent monoplane span, 
span loading, gap to span ratio, wing friction drag, etc., must be used in 
their place. The new theory does not point the way to any changes in 
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physical asj)ects of airplanes nor does it bring greater accuracy to the pre- 
diction of ])erforniance. It rests upon tlic designer as to what method of 
coniputatibn he will use and upon what basis his figures will be premised. 
No matter how the figures are arrived at, a scale model will be constructed 
and tried in the Avind tunnel to verify theoretical assumptions. 



Fig. 48. — Showing Diffusing Honeycomb to Straighten out Air Stream afid Model 
Airplane Being Tested at End of Spindle. Note Balance Weight on Base of Spindle 

Carrier. 


What a Wind Tunnel Is.-- AVliile everyone who has had experience in 
airplane design knows the great value of a wdnd tunnel and appreciates how 
much data can be obtained e\])erimentally that has great practical value, 
the novice or student just becoming familiar wu'th some of the rudiments 
of aeronautical engineering, may not have more than a general idea of what 
a wind tunnel is and how it w^irks. 
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One of the most important items of Curtiss engineering equipment is 
the 7 foot wind tunnel which is housed in a special building at the Garden 
City plant. This wind tunnel is of the EilTel type and consists of a bell- 
mouthed tube 70 feet long and 7 feet at its smallest diameter, through which 
air is drawn at high speed by a 12 foot propeller driven by a 400 horse- 
power motor. An exterior view is shown at Fig. 47. Accurate scale 
models of aeroplanes, wings, etc., are mounted on a spindle which projects 
into the air stream, and is connectetl to an extremely sensitive balance, 
which measures the air pressure on the model to one ten-thousandth of a 
pound. The method of mounting a model on the s])indle is shown at Fig. 
.48 and the aerodynamic balance is shown at b'ig. 49. Ry this means 
Cairtiss engineers are able to predict, with absolute accuracy, the speed, 
stability and flying (jualities of each new aeroplane designed, before build- 
ing it. In addition, constant research is being carried on in the tunnel by 
a highly trained technical staff, to determine the aerodynamic properties 
of new types of wings, control surfaces, etc. A w'cll equipped model shop, 
manned by experienced craftsmen, provides models, accurate to within 
one-thousandth of an inch, for testing in the tunnel. ^J'he Curtiss tunnel, 
in j)oint of size and excellence of scientilic cquii)mcnt, is one of the finest 
in the world. It is the only wind tunnel in the United States wdiich is 
owmed and o])eratefl 1)\ an air])lane constructen — one of the outstanding 
reasons for the consistent excellence of Curtiss designs and their aero- 
dynamical performance. 


Aerodynamic Terms 
Axes, Angles, Forces, Etc. 

aerodynamic volume (airship) — d'he xolunie of the form which must be 
driven through the air. Same as “air- volume.” 

# aileron angle — The angular displacement of an aileron from its neutral 
])ositi()n. It is ])()silive wdien the trailing edge of the aileron is below 
the neutral position. 

angle of attack — 'The acute angle betw^een the chord of an airfoil and its 
direction of motion relative to the air. (This definition may be ex- 
tended tf) other bodies than airfoils.) Its symbol is a. Sometimes 
called angle of incidence, (big. 22.) 

angle of pitch — 'I'lie acute angle between two ])lanes defined as follow's: 
One plane includes the lateral axis of the aircraft and the direction of 
the relati\e wind; the other plane includes the lateral axis and longi- 
tudinal axis. (In mumial flight the angle of i)itchjs, then, the angle 
between the longitudinal axis and the direction of the relative wind.) 
This angle is denoted by O and is positive when the nose of the air- 
craft has risen. 

angle of roll, or angle of bank — The acute angle through which an aircraft 
must be rotated about its longitudinal axis in order to bring its lateral 
axis into a horizontal plane, d'his angle is denoted by i and is posi- 
tive when the left wdng is higher than the right. 
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angle of yaw — The acute angle between the direction of the relative wind 
and the plane of symmetry of an aircraft. This angle is denoted by 
Y and is positive when the aircraft has turned to the right, 
attitude — The position of an aircraft as determined by the inclination of 
its axes to some frame of reference. If not otherwise specified, this 
frame of reference is fixed to the earth. 



Fig. 49. — Lower Part of Aerodynamic Balance with which Forces and Their Re- 
actions are Measured. Despite its Large Size and Weight, the Balance will Show 

Extremely Small Loads. 


axes of an aircraft — Three fixed lines of reference, usually centroidal and 
mutually perpendicular. The longitudinal axis in the plane of sym- 
metry, usually parallel to the axis of the propeller is called the longi- 
tudinal axis; the axis perpendicular to this in the plane of symmetry 
is called the normal axis ; and the third axis perpendicular to the other 
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two is called the lateral axis. In mathematical discussions, the first of 
these axes, drawn from front to rear, is called the X axis ; the second, 
drawn upward, the Z axis; and the third, running from right to left, 
the Y axis, 

basic load — The load on an aircraft when it is at rest or in a condition of 
unaccelerated rectilinear flight (for purposes of stress analysis), 
critical angle — An angle of attack at which the flow about an airfoil changes 
abruptly with corresponding abrupt changes in the lift and drag, 
cross-wind force — The component perpendicular to the lift and to the drag 
of the total air force on an aircraft or any part thereof. Its symbol 
* is C and its absolute coefficient is Cc is defined by 

C 

Cc = — 
qS 

1 

where q is the impact pressure (=-p V“) and S is the effective 

2 

area of the surface upon which the air force acts, 
downwash angle — The angle through which an air stream is deflected by 
any lifting surface of an airplane. It is measured in a plane parellel 
to the plane of symmetry, and is denoted by the symbol e. 
drag — The component parallel to the relative wind of the total air force 
on an aircraft or airfoil. Its symbol is D. 

The "‘absolute drag coefficient” is Cd as defined by the equation 

D 

Cd == — 
cjS 

1 

in which D is the drag, q is the impact pressure ( - p V“) and 

2 

S is the effective area of the surface upon which the air force acts. 

In the case of an airj)Iane, that part of the drag due to the wings is 
called “wing drag”; that due to the rest of the airplane is called “struc- 
tural drag” or “parasite resistance.” (Fig. 22.) 
induced — That portion of the wing drag induced by, or resulting fromv the 
generation of lift. (Fig. 46.) 

profile — That portion of the wing drag which is due to friction and tur- 
bulence in the fluid and which would be absent in a nonviscous fluid, 
dynamic lift — The lift impressed on an aerostat by aerodynamic forces, 
dynamic load — Any load due to accelerations of an airejaft, and therefore 
proportional to its mass. 

1 

dynamic (or impact) pressure — The product -p V“, where p is the den- 

2 

sity of the air and V is the relative s])eed of the air. It is the quantity 
measured by most air-speed instruments. Its sym1:)ol is q. 
dynamic trim — Trim (or trimming) due to dynamic conditions or their 
change. 
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elevator angle — The angular displacement of the elevator from its neutral 
position. It is positive when the trailing edge of the elevator is below 
the neutral j)osition. 

lift — That com])()nent of the total air force on an aircraft or airfoil which 
is peri)endicular to the relative wind and in the plane of symmetry. 
It must be specified whether this applies to a complete aircraft or to 
parts thereof. In the case of an airship, this is often called ‘dynamic 
lift.” Its symbol is T.. 

The “absolute lift coefficient” is Cl as defined by the equation 

L 



in which T. is the lift, q is the impact ])ressur(' 



and S is the 


effective area of ihe surface u])on which the air force acts. (Sec Fig. 

22.) 

minimum gliding angle — The acute angle lielwcen the horizontal and the 
most nearly horizontal path ah)ng which an airplane can descend 
steadilv in still air when the ])ro])eller is giving no thrust. 

‘vi 

Reynolds Number -A name given the fraction, ]) — , in which 

u 

' ]) is the density of the fluid; 

is the relatise \elocity of the fluid; 

1 is the linear dimension of the Ixxly; 
u is the coefficient of viscosity of the fluid, 
rudder angle — The acute angle betu^een the rudder and the plane of sym- 
metry of the aircraft. Tl is ])oistive when the trailing edge has moved 
to the left with reference to the normal position of the pilot, 
rudder torque — The txs isting moment exerted by the rudder on the fuselage. 
The product of the rudder area by the distance from its center of area 
to the axis of the fuselagt* may 1)e used as a relative measure of rudder 
torque. 

skin friction — 'fhe tangential com])onent of the fluid force at a j)oint on a 
surface. 

static lift (aerostat) — The resultant u])W'ard force on an aerostat at rest 
obtained by multi)l}iiig the actual volume of the air displaced by the 
density of the air and subti acting the weight ui the contained gas. 
(The volume of the air (lis])laced, multi])lied by the difference of 
density of the air and the contained gas.) 
static trim — Trim (or trimming) due to static conditions or their change, 
zero-lift angle — The angle of attack of an airfoil wdien its lift is zero, 
zero-lift line- A line through the trailing edge of an airfoil section parallel 
to the direction of the wdnd when the lift is zero. 


Miscellaneous Terms 

airfoil — Any surface designed to be projected through the air in order to 
produce a useful dynamic reaction. (Fig. 38.) 
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airfoil section (or profile) — A cross section of an airfoil made by a plane 
parallel to a specified reference plane. A line perpendicular to this 
plane is called the axis of the airfoil. (Fig^. 45.) 
aspect ratio — The ratio of si)an to mean chord of an airfoil; i. e., the ratio 
of the square of the maximum span to the total area of an airfoil, 
camber — The rise in the curve of an airfoil section from its chord, usually 
expressed as the ratio of the dejiarture of the curve from the chord to 
the leng-th of the chord. “Upper camber’' refers to the upper surface 
of an airfoil and “lower camber” to the lower surface; “mean camber” 
is the mean of these two. 

center of pressure coefficient — The ratio of the distance of the center of 
jiressiire from the leading edge to the chord length. (Fig. 24.) 
center of pressure of an airfoil section — The jxiint in the chord of an airfoil 
section, prolonged if necessary, which is at the intersection of the chord 
and the line of action of the resultant air force. Its abbreviation is 
C. P. (Fig. 24.) 

chord (of an airfoil section) — The line of a straight edge brought into con- 
tact with the loAver surface of the section at two jioints; in the case of 
an airfoil having doidile convex camber, the straight line joining the 
leading and trailing edges. (These edges may be defined, for this 
purpose, as the two points in the section which arc farthest apart.) 
the line joining the leading and trailing edges should be used also in 
those cases in which the lower surface is convex exce])t for a short 
flat portion, 'fhe method used for determining the chord shguld 
always be exi)licilly stated for those sections with regard to which 
ambiguity seems likely to arise. (Fig. 40.) 
chord length — The length of the i)rojection of the airfoil section on its 
chord. Its symbol is c. 

leading edge — The foremost edge of an airfoil or i)ropeller blade. Also 
called “entering edge." (l"ig. 28 ) 

^span (airfoil) — The lateral dimension of an airfoil ; i. e., its dimension per- 
jiendicular to its chord, fts symbol is b. 
streamline — The ])ath of a small ])orti(Hi of a fluid relative to a solid body 
Avith resj)ect to Avhich the fluid is moving. The term is commonly used 
only of such flows as arc not eddying, but the distinction should be 
made clear by the context. " 

streamline flow — Steady fioAv past a solid bod\ ; i. e., a iloAv in which the 
direction at ever}' point is independent (»f time, 
streamline form — A solid body AA'hich produces aj)in*o\imately streamline 
flow. ' 

trailing edge — The rearmost edge of an airfoil or i)ropellcr blade. (Fig. 
28.) 

wind tunnel — An elongated chamber, usually a tube divergent at the ends, 
through which a steady air stream may be drawn or forced. Models of 
airfoils, of aircraft, or of pro])ellcrs may be i)laced in the middle portion 
of the tunnel, called the experiment chamber or working section, and 
supported by suitable balances ])laced outside the air stream, so that 
the forces, moments, etc., due to the moving air may be measured. 
(Figs. 47, 48, 49.) 
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Wing Parts 

aileron — A hinged or pivoted movable auxiliary surface of an airplane, 
usually part of the trailing edge of a wing, the primary function of 
which is to impress a rolling moment on the airplane, 
antidrag wire — A wire designed primarily to resist forces acting parallel 
to the chord of the wing of an airplane and in the same direction as 
the direction of flight. It is generally inclosed in the wing, 
cabane — A framework for supporting the wings at the fuselage; also ap- 
plied to the system of trussing used to support overhang in a wing, 
drag strut — A fore-and-aft compression member of the internal bracing 
system of a wing. 

drag wire — Any wire or cable designed ])rimarily to resist drag forces, 
internal — A drag wire concealed inside the wing. 

external — A drag wire run from a wing to the fuselage or other part of 
the airplane. 

king-post — The main compression member of a trussing system applied to 
support a single member subject to bending, 
landing wire — A wire designed primarily to resist forces in the oi)posite 
direction to the normal direction of the lift and to oppose the lift wire 
and i)revent distortion of the structure by an overtightening of those 
members. Sometimes called “anti-lift” wire, 
lift wire — A wire or cable which transmits the lift on the outer portion of 
' the wing of an airplane in toward the fuselage or nacelle. This wire 
usually runs from the top of an intcrplanc strut to the bottom of the 
strut next nearer the fuselage. Sometimes called “flying wire.” 
main supporting surface — A set of wings, extending on the same general 
level from tip to tip of an airplane; c. g., a triplaiie has three main 
supporting surfaces. The main su]»])orting surfaces include the 
ailerons, Imt no other surfaces intended ])rimarily for control or stabil- 
izing purposes. 

panel — Where a wing surface comprises several units of construction, these 
units are designated as ])anels. 

skid fin — A fore-and-aft A crtical surface, usually placed above the upper 
<‘wing, designed to ])rovidc vertical keel surface and so to increase 
lateral stability, 

stagger wire — A wire connecting the U])pcr and low er surfaces of an air- 
})!ane and lying in a ])lane substantially parallel to the plane of sym- 
metry. (Also called “incidence wire.”) 
wing — A general term applied to a whole or a portion of the main support- 
ing surfaces of an air])lane but in the latter case is usuall)' qualified 
as right wing, left wing, upper A\ing, or lower wing, etc. 
wing rib — A fore-and-aft member of the wing structure f)f an airplane, used 
to give the wing section its form and to transmit the load from the 
fabric to the spars. (Fig. 28.) 

compression rib — A heavy rib designed to have the function of a wing 
rib and also to act as a strut o])posing the i)ull of the wires in the in- 
ternal drag truss. (Also called “drag strut.”) 
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former or false rib — An incomplete rib, frequently consisting only of a 
strip of wood extending from the leading edge to the front spar, which 
is used to assist in maintaining the form of the wing where the curva- 
ture of the airfoil section is sharpest. 

wing spar — The principal transverse structural member of the wing as- 
sembly of an airplane. (Fig. 28.) 

wing truss — The framing by which the wing loads of an airplane are trans- 
mitted to the fuselage. It comprises struts, wires, cables, tie rods, and 
spars. 


QUESTIONS FOR REYfEVV 

1. What is tlic meaning of, “lift and drift” ratio and wliat influence does it liavc 
in choosing an aerofoil? 

2. Define “center of pressure” and tell where it is located on a rectangular 
aerofoil. 

3. What arc the properties of camhered aerofoils that make tlicni valuable for 
airplane use? 

4. Why should the leading edge of an airplane wing be curved down? 

5. What effect docs wing loading have on airplane wing design? 

6. What is the difference between a “high lift” monoplane wing and the usual 
biplane wing. 

7. Outline influence of varying top and bottom camber on lifting ability of aero- 
foil sections. 

8. Is pressure distribution uniform on aerofoil surfaces? 

9. What is critical angle or “burble point” and how is it influenced by aerofoil 
design? 

10. Define the three axes of an aircraft and name them. What is “induced drag.’* 
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ARRANGEMENT, FABRICATION AND BRACING OF 
AIRPLANE WINGS 

Monoplane or Biplane — Effect of Gap Variation — Effect of Stagger — Aerofoil Plan 
Forms — Rectangular Plane Least Efficient — Securing Uniform Pressure Distribu-, 
tion — ^Wood and Fabric Wing Construction — Spars and Ribs — Glue for Lamin- 
ated Construction — Tests of Plywood Ribs — Weight and Thickness of Plywood — 
Wing Covering Fabric — Why “Dope” is Used on Wings — U. S. Navy “Doping” 
Practice — Light Proof Dope — Effect of Light on Dope — How Fabric is Fastened 
— Metal Wings — Navy Practice for Experimental Metal Ribs — Rohrbach Wing — 
Airplane Wing Bracing — Loads on Airplane Wing Wires — Airplane Wing Form — 
Planes with Longitudinal Dihedral — Influence of Lateral Dihedral — Biplane Wing 
Bracing — Side Bracing of Biplane Wings — Airplane Bracing Wires — Hard Wire 
Loops — Flexible Cable Ends — Galvanized Non-Flexible Ends — Non-Corroding 
Soldering Flux — Thimbles — Turnbuckles — U. S. Army Bracing Wire Practice — 
Cables — Streamline Wire — Round Swaged Wire — Soldering and Serving — Tests 
of Spliced Cables — ^Typical Wire Bracing Arrangements. 

Monoplane or Biplane. — The latest (Icvelopnicnts in airi)lane coustriie- 
tion have resulted in such a ,e^reat increase of efficiency for the niono])lane 
type; that it is now used in applications that would forincrly have been 
thought inipreictical. Tn the early days the monoplane was the type used 
for carrying lie;-ht loads at hi^Ljdi speeds while the l)i])lane was the form 
favored for carryiipi; heavy loads at relatively slower s])eed hut at the 
present time we have mono])lanes of extremely lar^e si)an ca])ahle of carry- 
ing; very heavy loads. Due to the use of metal aerofoil structures larg-e 
mono]dane-sea])lane structures are ])rojected that Avill have a span of 240 
feet so it cannot he said that modern eng;ineers recog;ni/e the structural 
limitations of even a decade hack. The hi])lane is undouhtedly the form 
having; the g-rcatest .structural strength if one is limited to wood and fabric 
construction as Avell as ])ermitting one to obtain the greatest amount of 
carrying surface in the most compact form. For exam])le, if we consider 
a biplane having 40 feet spread with a 6 foot chord we ha\'e ])lanes having 
a surface of 240 S([uare feet each or a total of 4(S0 scjuarc feet for the two 
planes. If one desired to obtain this same area in a niono])lane and did 
not Avish to de])art from an efficicTit aspect ratio it would be necessary 
to use a single plane having a 60 b^ot s]M*ead and an 8 foot chord. It Avill 
be ai)parent that the design of a Aving structure of these dimensions made 
of Avood and fabric Avould be somewhat of a ])roblem and it Avould require 
a high grade of engineering to ha\ e a strong Aving skeleton Avhich Avould be 
properly braced Avithout making the fraincAvork too heavy. 

As the Avcight that can be sustained Avith a given amount of power 
depends largely upon the area of the useful supporting surface and the 
velocity of the plane through the air, it is evident that if one decreases the 
supporting surface that one lessens the carrying ability. Of course, if 
more power is provided and higher sjAceds obtained the wing loadings can 
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be increased from the average value of 5 or 6 pounds per square foot to 
twice that amount, but this can be secured only by the sacrifice in low 
landing speed. The reason why the monoplane was favored even in the 
early days was because plane forms and their proper relation had not been 
as carefully studied as they have been in recent years. It was found that 
the efficiency of a surface Avas reduced if other planes were carried near it. 
It was therefore necessary to correct monoplane values in making compu- 
tations to allow for the biplane arrangement of aerofoils, as the writer has 



Fig. 50. — The Heath Parasol Monoplane, a Low Price Airplane that Flies with a 
Modified Four Cylinder Air-Cooled Motorcycle Engine. 

previously pointed out in the preceding chapter. Where a large su])port- 
ing area is necessary Avith a limited span, the 1)i])lane type is used but 
where practical considerations do not limit the span arbitrarily, then the 
mono])lane, especially the all-metal internally braced aerofoil ty})e is su- 
perior from an aerodynamical efficiency view point. The monoplane hends 
itself well to the small sport plane as shown at Fig. 50 which shows a 
Heath 'Tarasol” ty])C. A larger monoplane, the Travclair cabin type is 
shown at Fig. 51. Both of these use externally braced wings and have 
more resistance than the mon()])lanes illustrated in other chapters that 
have internal bracing and no exposed struts or wires. A Travelair Biplane 
of excellent design is shoAvn at Fig. 52. 



Fig. 51. — The Travel Air Cabin Monoplane, a Recent Type Adapted for Passenger 
Carrying and Other Commercial Work. 


Effect of Gap Variation. — The results of wind tunnel tests u])on exactly 
similar aerofoils arranged one above the other shows that there is a dis- 
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advantageous interference due to conflicting air currents between the two 
planes unless there is a gap between the planes of at least twice the chord. 
If the gap between the planes is less than this figure there is a reduction 
in the lift effect of the two ]>lanes. The condition can be easily under- 
stood if one refers to the diagram at Fig. S3 A, which shows two planes 
separated by a distance equal to only half of the chord. It will be evident 
that there is a large area of disturbed air between the two planes. This 
results in a reduction of the positive lift on the upper plane and of the 
negative lift on the lower one. Wc then have two surfaces working at 
greatly reduced efficiency and we are depending upon the efficient u])per 
surface of the top aerofoil and the efficient lower surface of the lower aero- 
foil. 



Fig. 52. — ^The Travel Air Biplane, Open Cockpit Type, Powered with Curtiss 0X5 
Engine. Note Balanced Ailerons. 

The diagram at Fig. 53 B shows the pianos separated by a distance equal 
to the length of the chord. This is the usual spacing and while it is not 
the most efficient one it is the distance commonly used on account of 
structural reasons. There is still an opportunity for a conflict of the air 
currents between the surfaces but the area of disturbed air is considerably 
less than in the case where the gap was equal to but half the chord. When 
the gap between the planes is equal to the chord a biplane has an efficiency 
of biA 80 per cent of a monoplane of the same wing area and aerofoil section. 

It will be seen from the following table that the gaps tried varied pro- 
gressively from 0.4 to 1 .6 of the chord. The coefficients given are values 
by which the monoplane lift coefficients have to be multiplied in order to 
secure the biplane spacing values for the gaps given. The wing tested was 
was the form used on the Rleriot-XI, of a plan form that had a rounding 
wing tip and a shorter trailing edge than entering edge. The spread was 
about five times the chord. From the table it will be evident that the best 
arrangement or spacing of the biplane wings is determined by practical 
considerations. While there is an increase in efficiency as the gap increases 
there is a corresponding increase in the length and consequently the re- 
sistance of the plane spacing struts, the lifting and landing bracing wires 
and also the incidence wires. Practical considerations generally limit the 
gap or spacing so that it seldom exceeds the chord. 


ARRANGEMENT AND FABRICATION OF WINGS 


149 


Effect of Stagger. — The efficiency of the biplane arrangement can be 
increased by staggering the planes, i. e., setting the entering edge of one 
plane some distance ahead of the entering edge of the other. A somewhat 
exaggerated stagger is shown at Fig. 53 C. The effect of moving the top 
plane forward is to increase the lift coefficient as well as obtaining a higher 
value of the lift-drift ratio. When the top i)lane is moved forward a dis- 
tance equal to about two-fifths of the chord an increase in both lift and^ 
lift-drift coefficient of about 5 per cent is secured. This is equivalent to 


TABLE IX 

Corrections for Biplane Spacing 


Ratio Gap 


Lift Coefficient 


Chord 

6 Degrees 

8 Degrees 

10 Degrees 

0.4 

0.61 

0.62 

0.63 

0.8 

0.76 

0.77 

0.78 

1.0 

0.81 

0.82 

0.82 

1.3 

0.86 

0.86 

0.87 

1.6 

0.8Q 

0.89 

0.90 


increasing the gaj) from 1.0 to 1.25 of the chord. .Staggering the planes 
improves the efficiency of the upner plane because it reduces greatly the 
disturbed area between the planes. The planes are not always staggered 
forward; sometimes the lower plane may be set ahead of the upper one. 
The best effect is obtained by using the positive stagger rather than the 
negative as the range of vision of the occupants of the airplane is much 
better when the top plane is staggered forward and a more decided gain 
in efficiency is obtained. The views at Fig. 54 show two types of tractor 
biplanes. That at A shows a standard training machine which has a posi- 
tive or front stagger, in this the upper plane is set forward of the lower 
idane. The design shown at B has a slight negative or back stagger as 
the lower plane is set somewhat ahead of the upper one. 

Aerofoil Plan Forms. — It is not the purpose of a popular discussion of 
this character to consider the technical aspects of pressure distribution over 
the entire surface of the wings, but enough has been presented in a pre- 
ceding consideration of this subject to show that the pressure is not uni- 
form at all points on the wing. While considerable useful information 
may be secured if careful thought is given to the variations in pressure 
along the leading edge of the wing and at some distance back of this line 
on both upper and lower surfaces, experiments have shown that the values 
of the positive and suction lift over the central portion of the aerofoil or 
those parts near the fuselage were greater than at other portions of the 
wing and that the values of the positive and negative pressure became less 
near the wing tips. 

The reason for this is that the air that is under pressure at that part of 
the wing near the tips has nothing to restrain its flowing out sideways and 
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inasmuch as this cscaj)e of air over the edges produces eddy currents, the 
value of the suction lift at the top will be likewise reduced. The reason 
that wings of reasonably high aspect ratio are more efficient than those 
forms of low aspect ratio is that the relative magnitude of the loss in lift 
due to the escape of air will be less in proportion to the total surface on a 



Fig. 53. — Diagrams Showing Effect of Biplane Spacing. A — With Gap Equal to Half 
the Chord, Note Interference and Eddies. B — With Gap Equal to Chord. C — Effect of 
* Staggering Aerofoils. 

wing of large s])an and small chord llian it will be on an aerofoil of short 
span and long chord having the same area. This means that there is a 
gradual movement of the center of pressure from the leading to ‘the trail- 
ing edge of the w ing, and the center of pressure 1)eing nearer the leading 
edge at the central point of the Aving and nearer the trailing edge at the 
wing tips. 

Rectangular Plane Least Efficient. — The early forms of planes were 
built of a rectangular ])lan form as shown at Fig. 55 B. This Avas done 
because the influence of plan form on efficiency Avas not clearly defined 
and because it Avas a very easy form of Aving to build, calling for a very 
simple framew^ork, and, in fact, the single surface aerofoils of early days 
were not adapted to use the Aviiig frame skeletons that are now available 
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since the double surface aerofoils became universally used. The rectangu- 
lar plan form is less efficient aerodynamically than the later forms even 
on those wings having a high aspect ratio. The form of wing shown at 
Fig. 55 A is more efficient than the simpler rectangular form shown below 
it, as this gives an increase in total effective lift with a marked reduction 
in resistance or drift and at the same time there is no sacrifice of any of 
the constructional features making for strength, stability or ease of l)uild- 
ing. 



Fig. 54. — Typical Tractor Biplanes of Obsolescent Design Showing Positive or For- 
ward Stagger at A and Negative or Back Stagger at B. 

Securing Uniform Pressure Distribution. — In order to secure a reason- 
ably uniform pressure distribution it has been stated that an ideal plan 
form would be one consisting of two triangles having their bases jf)ined 
at the central section, the ai)cx of each triangle representing a wing tip. 
This form of wing, which is shown at Fig. 56 A, would offer certain struc- 
tural disadvantages, but even with the forms of wings generally used today 
there would be a marked imi)rovement in efficiency if a form such as shown 
at Fig. 56 B were used in which the wings are widest or have the greatest 
chord at the center and gradually taj^ering away to small chord dimen- 
sions at the tips. The disadvantage in wing form of either of the types 
A or B, Fig. 56, is that there would necessarily be a grading down of the 
total depth or camber of the section to corresj^ond to the lessened chord. 
Lanchester, in experimenting with wing plan forms, suggested the para- 
bolic plan forms shown at bb'g. 56 C and experiments have demonstrated 
that this would yield very good results that would be more satisfactory than 
those obtained with the rectangular shai)e first used. 
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The plan form and sections of the wings of birds have been previously 
considered, but it is not always possible to select the best type of aerofoil 
by their wing section, neither is it possible or desirable to approximate 
their wing plan in making airplanes. The plan view given of a soaring 
bird, the albatross which has a wing spread of high aspect ratio, would 



Fig. 55. — Diagram Showing Efficient Wing Plan and how it Approximates Bird 
Wing Plan Form to Some Extent. 

be difficult to duplicate in an airplane wing on account of structural con- 
siderations. Two forms of wings that have l)ecn ])atterned with the object 
of securing greater efficiency than Avith the regular rectangular form are 
shown at Fig. 56. That sketched at D is the wing plan of the Bleriot 
monoplane, while that at F is the German Taube wing. Some similarity 
between this wing plan and that of the bird is evident, as a portion of 
the wings of the albatross near the tips has a decided ‘'sweep back,'’ or 
retreat, which is also seen in the Taube Aving plan. 

The aspect ratio of the Avings of the albatross is about 14, meaning that 
the wing span is approximately 14 times the chord. The average airplane 
will have an aspect ratio ranging from six to eight. The shapes of birds' 
Avings, both as relates to the section and the plan vieAv, are undoubtedly 
determined by other considerations besides those having to do only with 
aerodynamical efficiency. It is evident that the habits and mode of flying 
of the bird have a material bearing on the wing plan. It may be said, how- 
ever, that birds which in their soaring more nearly approximate the air- 
plane have wing plans that would no doubt be satisfactory on the soaring 
machine if constructional difficulties did not intervene to make their prac- 
tical application of someAvhat dubious value. 
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The experiments of Professor Alexander Klemin with the wing model 
of the Edo flying boat have been previously mentioned. 

The model used for the wind tunnel tests was a semi-span airfoil 25 
inches long, with a chord of 6.6 inches. Half the span with a protecting 
disk was used, so that the largest possible model could be inserted in the 
tunnel. Ten capillary brass tubes of 1/32 inch internal diameter were let 
into the wing, and from small holes in these tubes the pressures on the 
upper and lower surfaces of the wind model were measured. Ten holes in 



Fig. 56. — Theoretical Plane Forms to Secure Uniform Pressure Distribution at A, B, 
and C. Actual Plane Forms at D and £. * 


each tube on each surface gave a t(»tal (^f 20() holes al which observations 
were made. The pressures were measured with the Krell type gauge as 
the difference between the j^ressure at the wing and a side plate in the 
tunnel. The charts at Fig. 57 show lines of ecjual pressure across the 
span at angles of incidence corresponding to diving, high and low speeds. 
While the pressure varies in value at various parts of the wing, one usually 
takes an average of the different pressures and considers it as evenly dis- 
tributed over the area in determining wing loading. Of course, in design- 
ing the structure the actual loading at various points must be considered. 

Wood and Fabric Wing Construction. — Having considered at some 
length the aerodynamical properties of airplane wings and aerofoil sec- 
tions, we will now proceed to discuss the wing structure from the practical 
viewpoint of the airplane constructor rather than that of the designer. As 
■wdll be evident from the illustrations at Fig. 58 the wing skeleton before 
covering is a framework consisting of two longitudinal spars which are 
joined together by ecjually s])aced ribs running from the leading edge to 
the trailing edge of the wing. The section of the aerofoil is always greatest 
at the front spar because most of the lift occurs near the leading edge. By 
employing spacing strips of the proper curvature it is, of course, possible 
to obtain ribs of any section, and it is the degree of camber given the ribs 
that determines the lifting properties of the wings when the framework 
has been covered. 

The ribs are built up of narrow strips of wood about an inch wide and 
a quarter-inch thick, which are placed at the top and bottom of the curved 
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central rib member of plywood as shown at Fig. 59 that determines the 
camber of the aerofoil. The front ends of these strips are connected to a 
small moulding or leading edge spar that is termed the “nose’’ of the wing. 
The various ribs are tied togetlicr by light round wooden rods that extend 
from one end of the wing to the other. Another method of construction 
is the built up web as shown at Fig. 60. All portions of the wing structure 
are glued and screwed together, so that while a large number of individual 
pieces are employed in the wing frame the methods of joining them to- 
gether are so secure that the completed structure has surprising strength 
for its weight. A textile fabric is stretched tightly over the wing frame 
and is fastened to both u])per and lower surfaces of the ribs and spars. 




Fig. 57. — Diagrams Showing Lines of Equal Preccure across the Span of a Monoplane 
Wing.,^ A — Pressure Distribution at High Speed. B — Pressure Lines at Low Speed. 

C — Pressure Lines at Diving Speed. 

The leading edge is sometimes ^iven a* jmsitivc curvature by using a 
thin veneer of wood so as to give the cloth a definite form at the entering 
edge of the wing and in some constructions plywood has been eiii^:)loyed 
for wing covering instead of fabric. (See Fig. 28 A and B, Chapter 4.) 
Wire bracing is extensively used inside of the wing to stiffen it. The tic 
wires join the front and rear spars and are of great value in stiffening the 
wing structure. The rear st)ar carries only a relatively small percentage 
of the total load of the wdng, and for that reason is usually considerably 
smaller in section than the front spar. Wing spars may be made of either 
ash or spruce, and experiments that are now being made have demonstrated 
that metals such as duralumin may be used advantageously for this pur- 
pose. The ribs are usually made of poplar or spruce, though in some cases 
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mahogany has been employed. Spars may be a built-up or box section or 
they made be made from one piece, hollowed out to form an I section at 
various points and thus reduce weight without greatly sacrificing structural 
strength. As will be seen by referring to Figs. 59 and 60, the central rib 
member can be made of plywood with, various forms of cut-outs to lighten 
the structure or the webs may be built up entirely of vertical or diagonal 
strips or a coml)ination of the two, sometimes supplemented by diagonal 
bracing wires. 



Fig. 58. — Typical Airplane Wing Skeleton and Appearance after it is Covered with 

Fabric. ^ 

An example of extremely light and strong wing construction of wood 
was used in the Navy N. C. planes. The rib is a truss designed like a 
bridge consisting of continuous cap strijis of spruce, corresponding to the 
upper and lower chords of a bridge truss, tied together by an internal web 
system of vertical or diagonal pieces of spruce. The ribs are 12 feet long 
but only weigh 26 ounces each. On test these ribs were required to carry 
a proof load of 450 pounds of sand for 24 hours without damage. An in- 
teresting detail of the wing construction is the hinged leading edge which 
encloses the control cables to the ailerons or Aving flaps. This eliminates 
the air resistance of these cables, but at the same time they are accessible 
for inspection by merely swinging up the leading edge on its hinges. The 
wings are arranged as a biplane with the necessary struts and wires to give 
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girder strength. For lightness the struts are made up as a spruce box, 
but to decrease resistance this square portion is enclosed in a fish-shaped 
fairing or ‘'streamline” or stiff fiber. To reduce any tendency of the struts 
to bow under load, the middle points are connected with a steel cable. The 
diagonal Imacing I)etween wings is by steel cables in pairs. These cables 
are arranged to lie one behind the other with a spruce batten between to 
reduce air resistance. 



Fig. 59. — Wing Ribs with Plywood Webs Showing Various Methods Employed of 

Lightening the Ribs. 

The metal fittings where struts and wires are fastened to the wings 
presented a serious problem. The forces to be taken care of were so 
large that it was necessary to abandon the usual methods of the airplane 
builder and adopt those of the bridge designer. All forces acting at a 
point *pass through a common center. In this case, as in a pin bridge, the 
forces are all applied to a large hollow bolt at the center of the wing beam. 
In the design of the metal fittings to reduce the amount of metal needed, 
it was decided to employ a special alloy steel of 150,000 pounds per square 
inch tensile strength. To increase bearing areas, bolts and pins are made 
of large diameter but hollow. 

Glue for Laminated Construction. — The British and German aircraft 
builders have used a type of casein glue composed usually of casein, slaked 
lime, caustic soda, sodium fluoride and paraffin oil, the three latter ingredi- 
ents being used in small percentage. Contemporaneously American air- 
craft plants have been experimenting with types of casein glue for ply- 
wood construction produced in this country. Commander Richardson, 
U. S. N. states that the Bureau gave encouragement to experiments along 
this line and took up with the Forest Products Laboratory and the manu- 
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facturers the subject of the utilization of casein glue for strength parts of 
airplane construction. Through some intensive work, these glues were 
soon developed to such an extent that three were placed on the market by 
individual manufacturers in a form ready for use. These products were 
all thoroughly tested by the Forest Products Laboratory and found to 
give results which indicated their superiority over hide glue. The art of 
employing these glues in aircraft construction was developed with great 
rapidity. One of the prime requisites was the use of a power mixer for 
the thorough incorporation of the glue with the aqueous medium. The 
uniformly high strength of joints made with this glue soon indicated the 



Fig. 60.— Built-Up Webs Showing Methods of Trussing Employed in Wing Rib 

Construction. 

value of using it almost exclusively in place of hide glue and instructions 
along this line were sent to all naval contractors together with informa- 
tion in regard to using this new tyj^e of cold glue. 

Casein glue used in this country is i)repared from the solid p^t of 
skimmed milk. After it has been precipitated by acids or bacteria the 
casein is pressed, broken into small particles, trayed, dried, ground and 
bolted. The complete removal of fats is essential in casein that is to be 
used for glue. Adding a small percentage of hydrated lime forms calcium 
caseinate, an insoluble compound. Although this tends to harden the glue, 
it reduces the adhesive power and is very destructive to edged tools. 
Casein glue sets partly by evaporation and partly by chemical action. 
Most casein glues are heavy and si)read less readily by hand than does 
animal glue, but that now being made for the automobile-body trade has 
overcome this difficulty; when a glue-spreader is used, casein glue will 
cover a greater area than an equal amount of animal glue. 

The uncertainty of getting a good joint with animal glue, because of 
variations of the temperature of the room and of the wood and the com- 
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position and freshness of the glue, is obviated in casein glue, which may be 
mixed at any time in the correct proportions, requires no further attention, 
yet retains its maximum sticking properties. It may be used at tempera- 
tures below freezing on cold wood and the pieces may be allowed to stand 
for 20 minutes before being clamped or screwed. It is highly water- 
resistant; when applied to a three-ply panel the glue can be boiled without 
the plies separating. Heat docs not weaken the glue but, on the contrary, 
strengthens it. One of the great advantages of its use in automotive ap- 
plications such as automol)ile bodies and airplane fuselage and wing 
construction is the fact that it is quickly and easily prepared and thereafter 
needs no further attention ; any portion that is left over at night is poured 
into the new mix the following morning. 



Fig. 61. — Skeleton Structure of Aileron or Balancing Flap at A (above) and of Stabil- 
• izer at B (below). 

Properties of Wood Glue. — Glue forms a very imi)ortant item among the 
materials that enter into the construction of air])lanes and is also exten- 
sively used in building botlics for automo])ilcs. To a great extent it is 
employed in the mamifacture oi plywood. In each of these lines of appli- 
cation the glue is cx])Osed to atmo.s])heric influences and the requirements 
made ui)on it therefore are material!} different from those that must be 
met in the manufacture of furniture, wood patterns and other older lines 
of industry in which glue long has been used. These new requirements 
resulted in considerable technical development and research on glues dur- 
ing and after the war, and a prominent part in this work was taken by the 
Forest Products Laboratory of Madison, Wisconsin, which has recently is- 
sued a leaflet briefly reviewing the present status of glue technology. This 


ARRANGEMENT AND FABRICATION OF WINGS 159 

material is iindoubteclly of interest to woodworkers and aircraft engi- 
neers and is reproduced herewith : 

The glues that are adapted for gluing wood may conveniently be di- 
vided into five classes as follows : 

1. Animal glues, which are made from the hides, hoofs, horns, bones and 
fleshings of animals, mostly cattle. These glues come in dry form and 
must be mixed with water and melted. 

2. Casein glues, which are made from casein, lime and certain other 
chemical ingredients. They arc commonly sold in prepared form, requiring 
only the addition of water, but may be mixed by the addition of the sepa- 

. rate materials to the water. 

3. Vegetable glues, which are made from starch, usually cassava starch, 
and sold in powdered form. They may be mixed cold with water and alkali, 
but heat is commonly used in their ])reparation. 

4. Blood-albumen glues, which are made from soluble blood albumen, 
a product recovered from the l)lood of animals. These glues must be mixed 
from the separate ingredients just before use, since they deteriorate rapidly 
on standing. 

5. Liquid glues, which are commonly made from the heads, skins, bones 

and swimming bladders of fish. Some liquid glues arc made from animal 
glue and other material. They come in prepared form ready for immediate 
use. * 

Vegetable Glues Cheapest. — Vegetable glues are the cheapest kind, 
normally ranging in jirice from about 7 to 11 cents per pound. Prepared 
casein glues may range in jn'ice from 12 to 24 cents, dififcreiit grades oT ani- 
mal glue from 12 to 30 cents, and dried albumen, suitable for making glue, 
from 16 to 38 cents per ])uund. Animal glue, fre([ucntly referred to as “hot 
glue,’' has been in use a long time and is familiar to all woodworkers. The 
principal desirable pro])erties of animal glue arc its great strength and 
reliability in the higher grades, its free-flowing consistency, and the fact 
that it does not stain Avood. So far no glue has been found by the wood- 
Avorking industry to be as suitable as animal glue for hand spreading on 
irregularly shaped joints, although a cheaper glue avouUI be very desirable. 
The price of animal glue is the chief factor which limits its use. The fact 
that it is not hig’hly water resistant is occasionally a drawl)ack. 

Casein glue has been used commercially for a much shorter time^than 
animal glue, and its i)ossibilities and limitations are not so Avell knoAvn. It 
has sufficient strength for either veneer or joint Avork. It is used cold, and 
when proj^erly mixed it can be si)read Avith a brush. The proi)erty most 
featured is its high Avater resistance, Avhich makes it suitable for gluing 
articles to be used under moist conditions. Not all casein glues are water 
resistant, however; there are some on the market Avhi^h are made to com- 
pete with A^egetablc glue and for Avhich no great Avater resistance is claimed. 
Among the disadvantages of casein glues are their tendency to stain thin 
veneer and the rclativel> short Avorking life of some kinds. It is claimed 
that this trouble has been overcome to a certain extent in some glues. They 
are somewhat harder on tools than animal and vegetable glues. Possibly 
this objection can be overcome by altering formulas or by using different 
steel in the tools. 
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Vegetable glues have found wide use in recent years because they are 
cheap, can be used cold, and remain in good working condition free from 
decomposition for many days. They are extremely viscous, and it is not 
practicable to spread them by hand. Their lack of water resistance and the 
fact that they usually cause staining in thin fancy veneer are factors limit- 
ing their use. They set relatively slowly and for this reason are not so well 
adapted for joint work. Vegetable glues have been studied and developed 
almost entirely by private initiative, and there has been much litigation 
over patent rights during the past few years. 

Blood-albumen glue has shown notably high resistance to moisture, 
especially in the boiling test. This makes it particularly suitable for gluing 
plywood which is later to be softened in hot water and molded. The pro- 
duction of molded plywood articles has been very limited, but it offers a 
good field for future development. 

In the past the chief drawback to the use of blood glues has been the 
necessity for hot pressing, but recent tests have shown that a highly water 
resistant blood glue may be developed which can be cold pressed success- 
fully. Liquid glues are, in general, similar in properties to animal glue. 
Some brands are quite equal in strength to good joint glues, but other 
brands are very weak and unreliable. Their great advantage is that they 
come in prepared form, ready for immediate use. This makes them par- 
ticularly suitable? for patch work and small gluing jobs. The factors which 
limit their use are their high price, their lack of water resistance, and the 
difficulty in distinguishing between good and poor brands. Generally 
speaking, present vegetable and blood-albumen glues are veneer glues, 
while animal and casein glues are used both as veneer and as joint glues. 
As between animal and casein glue for joint work, if freedom from staining 
is important animal glue is preferable; if water resistance is of importance 
then a casein glue should be selected. Because of the necessity of heat in 
the preparation and use of animal glue, the casein cold glue will probably 
be favored if both glues are otherwise equally well adapted. 

Tests of Plywood Ribs. — Tests made by the Forest Products Labora- 
tory for the Bureau of Aircraft Production have demonstrated that for 
chord lengths up to 75 inches, which, with an R. A. F. 15 section, would 
give a maximum depth of about inches, the type of construction which 
employs spruce cap strips, and a plywood web, suitalily lightened by holes, 
is fully as efficient and strong as any built up or trussed rib, and in addi- 
tion is more reliable and easier to construct than these types. That 
there is a limit, however, beyond which the trussed construction is su- 
perior to the plywood, is obvious, but only more extended experimenta- 
tion can determine what this limit is. In the webs of plywood ribs two 
types of cutouts are used, the circular and the elongate ; the latter may be 
oval or often nearly rectangular, with a length two or three times its depth. 
Since the vertical members of the web serve to carry compression and hori- 
zontal shear, and to prevent buckling of the web as a whole, it is usually 
best to have the grain of the face plies vertical. This is an illustration of 
the principle that the grain of the outside plies should be in the direction 
of a column load. Furthermore, as a function of the web is to act with the 
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flange or capstrip in carrying both compression and bending, it is best to 
have the core, in which the grain runs parallel to the capstrip, form a large 
proportion of the total web. Where low density woods are used in both 
the faces and core, the ratio of core to total thickness should be about 1 
to 2; and where high density faces are used Avith a low density core this 
ratio may increase to 2 to 3. Among the light woods, Spanish cedar has 
proved most satisfactory for rib construction; while in the heavier species, 
combinations of yellow birch or maple faces with basswood or poplar 
cores are most suitable. Within the range of chord length which have 
been tested the following thicknesses have been found to give good re- 
sults: For S])ani.sh cedar throughout, 1/40 inch faces and 1/16 inch core; 
for birch outside plies and po])lar core, 1/55 inch faces and 1/13 inch core. 

Weight and Thickness of Plywood. — One of the leading sources of 
supply of ])lywood is the I Jaskelite Manufacturing Corporation of Chicago 
and it is to this c()ni])any that the writer is indej)ted for much of the in- 
formation on this material. It is said that its ])roduct is the only ply- 
wood made with blood glue and by the hot i)late process. 

This company is in a ])osition to furnish HA SK ELITE in any thickness 
from 1/16 inch up. The woods most commonly used are mahogany and 
birch. Panels can be furnished in any size u]) to 04 inches one way and any 
length desired in the second dimension. The largest i)anels they have ever 
made are 88 inches by 684 inches. Panels 72 inches by 192 inches arc not 
uncommon. 

With reference to weights, plywood weighs as follows: 
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During the past year the Haskelite iManufacturing (\:)r])oration have 
made a great many two-])ly ])aiicls for wing beams. These panels are 
made of both spruce and mahogany in 1/8 inch and 3/32 inch thickness. 
'ITc j)anels were made u]) with the face ply 90 degrees to each other and 
45 degrees to the edge. These panels average 6 inches to 12 inches in 
width and up to 22 feet in length. 

Wing Covering Fabric. — The Aving cov^ning is a fine, closely Avoven 
linen or cotton and es])ccial care is taken to secure both strength and light- 
ness. The weight of airj)Jane Aving fabric generally used Avill vary from 
four to five ounces y^er s(|uare yard. Its tensile strength varies from about 
75 j:)ounds per inch Avidth in the Avarp direction (i.e., those threads of a 
fabric that are stretched lengthwise in the loom when the material is 
woven) and of about 100 jxiuiids per inch in the Aveft direction. The weft 
threads are shorter than the Avarp threads, as they are those that are 
carried back and forth by the shuttle in Aveaving. OAving to the greater 
strength of the fabric along the AA^eft threads it is usually attached to the 
wing skeleton so that the warp threads run in the same direction as the ribs. 
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No matter how finely woven the fabric is, it is apparent that it cannot be 
made either air-tight or water-tight. It is also evident that it would be 
difficult to stretch the cloth covering and attach it to the ribs so it would 
be uniformly tight in all directions. 

^,^Why ‘‘Dope” Is Used for Wings. — The fabric is made air-tight and 
'water-proof and is also stretched to a taut surface like a drum head by the 
use of chemical preparations called “dope” in the trade. Practically all of 
these are cellulose acetate dissolved in some solvent such as acetyl, ether 
or pyroxolin lacquer or acetone. A number of coats of this “dope” are 
given the wings and each is allowed to dry thoroughly before the next 
■ coating is apjdied. Owing to the highly volatile nature of the solvents 
used, this drying is fairly rapid. The first coat penetrates all the spaces 
between the threads and also penetrates the fibers of the threads them- 
selves. As the drying proceeds the substance contracts and brings the 
threads more closely together. From four to five coats of “dope” are 
applied to the surface of the linen, the increase in weight due to the use 
of the “dope” being about one and one-half ounces per square yard. The 
“doping” is said to increase the strength of the fabric by about 20 per 
cent as well as tightening it. Tautness is aerodynamically essential to 
reduce the sag to certain limits, though with the materials now in use 
probably any surfaces deteriorating to a slackness sufficient to affect the 
aerodynamical pVoj^erties of the machine seriousl}'' would have been con- 
demned long before on their appearance. Another point which has been 
somewhat neglected is the great extent to which the strength of the*wing 
structure is influenced by the tension of the doped fabric upon it. In 
general slackness of the dope will weaken the wing structure, but on the 
other hand too great tautness will lead to deformation or even fracture. 

The protection of the fabric wing covering becomes of added importance 
on the flying boats on account of the great area involved and the expense 
and difficulty of renewal. At one time, wings had to be recovered very 
frequently, but with the Navy standard do])ing practice as described by 
Commander Richardson the fabric stands up under favorable conditions 
from 6 months to a year. 

To cover the NC surfaces about 6,000 s([uarc feet of fabric has to be 
treated requiring over 200 gallons of dope. There arc two types of dope 
in use at present by the Navy Department. These are known as celttilose 
nitrate and cellulose acetate do])es. The latter is produced from cotton 
treated with acetic anhydride and acetic acid, while the other is made in 
a manner similar to the production of gun cotton through the use of cotton 
treated with nitric and sulphuric acids. The acetyl or the nitrate group 
is taken up by the cellulose to make a new compound which is soluble in 
certain solv^ents. The treated cotton is then dissolved dn solvents such as 
methyl, amyl, propyl, butyl or ethyl alcohol, acetone, etc., subsequently add- 
ing other non-solvent thinners such as benzol, alcohol or benzene. Differ- 
ent kinds of softeners and fire-resisting salts are then added to the dopes. 
These are usually high-boiling, slow-evaporating liquids. Diacetone al- 
cohol is a representative of this class. Triphynyl phosphate is used for its 
fireproofing value. A small quantity of urea is sometimes used to prevent 
the acidity which may be caused over periods of storage. 
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U, S. Navy Doping Practice. — ^The present Navy practice in doping 
fabric is to apply first two coats of acetate dope because of its higher fire- 
resisting value and because of the fact that the acetyl radical present is 
ordinarily not injurious to fabric. There is then applied three coats of 
cellulose nitrate dope. A very taut surface is obtained. Naval gray enamel 
is then applied in one or two coats according to the wing surface to be 
treated. With this practice no difficulty has been experienced with scaling 
or cracking of the wing enamel. On the other hand, when five straight 
coats of acetate dope are used very serious scaling and cracking of the sub- 
sequently applied enamel will take place. The cellulose nitrate dope, 
moreover, is very much cheaper than the acetate dope, is readily available,* 
has greater covering properties and gives greater tautness to the fabric. 

The use of the wing enamel referred to has been a curious develop- 
ment which dates back to the examination of rudders on some planes that 
were in use in Florida several years ago. The fabric was found to be rotted 
in several places but in perfect condition where covered with the naval air- 
craft insignia paint. This indicated the value of the paint in shutting out 
the actinic rays of the sun. From that time on the Navy has used an anti- 
actinic wing enamel. 

Extensive tests have been made by the Bureau on the use of so-called 
fireproof dopes which consist usually of cellulose nitrate in which there 
have been distributed fireproofing ingredients such as di-ammonium phos- 
phate, calcium, magnesium and zinc chlorides and also tricresyl phosphate 
in various combinations. Good results were obtained with di-ammonium 
phosphate. 

Light Proof Dope. — New types of dope have appeared in recent years 
under the name of pigmented dopes, first used by the British. These con- 
sist usually of highly plasticized nitrate do3)e in which pigments and soften- 
ing materials are distributed and are used in place of varnish. The wear- 
ing value and fire-resisting properties, however, are not as high as the naval 
gray enamel now in use by us. 

Considerable work has been done by representatives of the Bureau in 
factory control of conditions at contractors’ plants.* This work covered the 
heating arrangements, removal of evaporated solvents, control of humidity 
conditions, design of fabric covering rooms, methods of dope application 
and factory control in operation, studies of ventilation and hygiene. The 
latter is a matter of some importance as cases of so-called dope poisoning 
have in some instances been observed, generally in the form of eruptions 
on the arms of the workmen or the development of greatly swollen hands. 
By the elimination of all highly poisonous dope solvents such as tetra- 
chlora-ethane and the installation of suitable ventilation systems much of 
this trouble has been obviated. Through the development of emmolients 
hands and skin of the workmen have been protected from troublesome 
efifects. 

Besides protecting the fabric parts, it is necessary to protect the wooden 
members and their glue joints. Ordinary paint is fairly satisfactory but too 
heavy. The common varnishes and shellacs are not watertight enough. 
Through the early efforts of the Bureau co-operative work was done to 
develop a type of spar varnish that would give satisfactory results upon 
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hulls, wooden parts and wing surfaces of Naval aircraft. After this varnish 
had been developed and specifications issued, manufacturers soon learned 
the method of producing it and within a short period of time it was found 
on the market in great quantities and at a reasonable price. The base of 
the varnish is tung oil. 

Effect of Light on Dope. — An account of a long series of researches 
carried out at the Royal Aircraft Establishment (Great Britain) on the 
causes of, and methods of preventing, deterioration in strength and taut- 
ness of linen airplane fabric, was given by Dr. F. W. Aston before the 
Royal Aeronautical Society. 

At the beginning of the war little had been published concerning the 
functions and weathering properties of dope. It was known that on ex- 
])osure the dope of doped fabric cracked sooner or later, and it seems to 
have been generally believed that deterioration of both strength and taut- 
ness w’as due to such cracking. As it was expressed at the time, ‘^the dope 
cracked and let the weather get through to the fabric.’’ Though more or 
less correct as regards tautness, which is a function of the dope layer 
principally, this idea is now known to be entirely wrong as regards 
strength, which is chiefly due to the fabric. Energies were, therefore, 
largely directed to the preparation of flexible varnishes which would pre- 
vent the cracking of the dope layer. 

When opportunities of examining old machines became more frequent, 
it was noticed that at points where the dope was covered with an opaque 
layer of paint, such as the number on the tail and the identification disks 
on the wings, the fabric retained great strength, although the unpainted 
parts might tear like paper. This suggested that the real cause of the 
weakening was light, a conclusion since abundantly justified. The dopes 
with which these results were noted were made with tetrachlorethane. As 
that compound is decomposed by sunlight, it is quite possible that the real 
agents that destroyed the linen were the chlorine and the hydrochloric acid 
i liberated. In time the action of light Avas seen to be more direct and funda- 
mental. The abolition of the use of tetrachlorethane for other and better- 
known reasons made little if any difference in the rate of deterioration, and 
long before the real causes were discovered practical prevention was 
achieved by a pigmented varnish of a dark khaki shade. Experiments ex- 
tending over three years confirmed the view that the deterioration in the 
strength of the doped or undoped linen fabric under ordinary service con- 
ditions is due to light and to light only, the effect of other agents such 
as heat, moisture, bacteria, molds, etc., being inappreciable in comparison. 
Visible light had little if any destructive effect, but in the direction of the 
shorter wave lengths there appeared to be no limit. As ozone and per- 
oxide of hydrogen have long been suspected of being (he principal agents 
in the deterioration, experiments Avere made in which oxygen and water 
were partially or wholly eliminated. It was concluded that the removal 
of oxygen from the atmosphere surrounding the fibers largely reduced but 
did not eliminate the destructive action of light, while the presence or 
absence of moisture did not seem to be important. 

At the time when the investigation of the best method of protection was 
started, it was not thought possible to pigment a dope without spoiling it. 
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Experiments were, therefore, made with dyes, and out of about 150 soluble 
in dope half-a-dozen or so gave promising results, two blacks and one 
yellow affording practically perfect protection and not fading. Raftites 
containing only 1 per cent of such dyes gave a decrease in strength of less 
than 15 per cent over 12 months’ continuous exposure. Had strength alone 
been of im])ortance dyed dopes would have been advocated, but tautness 
was equally essential, and the possibility of its deterioration being also due 
to the action of light and therefore to be minimized b}^ dyes was not real- 
ized. In addition Dr. Ramsbottom discovered that raftite, which contains 
no tetrachlorethane, could be successfully pigmented and that such pig- 
mentation enormously improved the qualities of the dope as regards taut- 
ness. 

A })igment use<l for in'otcction in either a varnish or a dope must have 
a high extinction coefficient for actinic light, must be capable of being 
ground extremely fine, since a given vveiglit of ])iginent will cover an area 
directly proportional to its fineness, and must be chemically inactive to any 
of the constituents of the medium. The natural oxide of iron known as 
ochre possesses all these prc»perties to a notable degree, and in view of its 
cheapness and of the fact that with the addition of a little lamp black it 
yields a khaki shade, it is not surjirising that its use as the main constituent 
of pigmented varnishes and (lo])es is almost universal. For tropical work 
aluminum has much to recommend it. 

How Fabric Is Fastened. — The fabric is called upon to sustain a load 
of aRout 20 pounds ])er sijuare foot at a flying s])ee(l of 70 miles per hour, 
so it is securely attached to the ribs. The method generally used is to tack 
through light strijis of cane, Avood or fabric tape Avhich acts as a spacing 
member to prevent the tack heads from breaking the linen. A certain 
amount of the '‘doj^e” penetrating the linen Avill stick it to the ribs and in 
some cases a stitching of a flax cord is used to tie the fabric firmly to each 
wing rib at both upper and lower surfaces. Wings that have been tested 
to destruction demonstrate that this method of fastening is extremely 
strong, and the Avriter has seen Avings that have been damaged in Avrecks 
in which the main sjiar has fractured and yet the fabric Avill be held 
securely to the ribs. When the stitching is employed, the cord and knots 
on tpp and bottom of ribs arc covered Avith narrow strips of fabric about 
two inches wide Avhich is securely '‘dojied” into place in order to provide 
a smooth covering and to lessen the skin friction. In order to give a 
smooth finish to the wing after <loping it isxsornetimes smoothed down with 
sandpajier and a coat of sjiar varnish apjilicd. 

Metal Wings. — When using metal for airplane wing construction, one 
cannot cojiy existing Avood and faliric design as structural arrangements 
best ada])ted to metal construction are not the best for Avood. It is folly 
to attempt all metal construction and copy the conventional biplane design. 
If a modern monoplane design is chosen, all metal airplanes can be made 
lighter in proportion to the pay load than Avood, wire and fabric biplane 
structures can. 

No one has developed a positive or uniform way of inspecting wood. 
No one can take a piece of spruce spar and tell within 40 per cent what the 
piece Avill stand Avithout breaking; the only Avay to tell is to break it. 
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When it breaks, its structure is entirely destroyed and, in a compression 
test, is splintered into many sharp penetrating pieces. The strength of a 
piece of metal is known within S per cent. Before it is put to the test, one 
can estimate easily just what a piece of metal will endure. Metal, there- 
fore, is a much more easily inspected and dependable material for mini- 
mum-weight structures than wood, even when factors of safety many times 



Fig. 62. — Methods of Metal Wing Rib Construction. A — Composite Structure Built 
from Pieces cut out of Duralumin Sheet. B — Wing Rih Stamped from Sheet Metal 
by Simple Wood Dies Used in Navy Experimental Work. 
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beyond the actual requirements are assumed. Lack of knowledge of the 
actual strength of any wooden piece is the reason for much unnecessary 
weight in wooden airplanes. 

An interesting application of all metal wing construction that follows 
the design of wood construction to some extent is found on the Vickers- 
Wibault monoplane, an English design. As will be seen by referring to 
Fig. 62, the usual spar arrangement is followed, these being built up mem- 
bers of box section and ribs are used between them, cut from sheet duralu- 
min which correspond to the plywood used in wooden ribs. The wing is 
of thick section and is of purely rectangular shape with the exception of 
that part cut away over the pilot’s cockpit. The section, however, tapers 
appreciably in thickness toward both the wing tips and the center line from 
the point of the bracing strut attachments. This variation in thickness 
is so designed as to give a spar depth varying such that the strength of 
the beam is uniformly distributed according to the loading carried. 

The simplicity of the wing structure is notable. The main spars are 
of box construction. The side members are flanged top and bottom and 
the top and bottom members are plain metal strips rivetted to the flanges. 
These members are double throughout. The ribs, which are compounded 
of three individual and separate pieces, are secured to the spars by means 
of vertical flanges rivetted to the sides at intervals. The ribs project above * 
the normal profile and covering sheets which have flanged-up ridges are 
rivejted through these edges and the ribs, thus both faces of the rivets 
are exposed. Furthermore, the ribs do not extend to the leading edge, this 
being formed of a shaped strip of duralumin rivetted to the covering of the 
rest of the wing and forming a nose piece. 

The ribs themselves consist of simple sheets of metal lightened and 
strengthened where necessary. Being made in three pieces, they are se- 
cured to the spars in the following manner: first, the forward section, 
rivetted to a flange on the side of the front spar, then the middle section 
rivetted to the corresponding flange the other side of the spar. This 
middle section is secured to a flange on the rear spar in a similar way and 
finally the rear section of the rib secured to the rear of the rear spar on a 
flange. Drag struts in the wing structure are of duralumin tube carried 
front stiff brackets rivetted to the main spars. 

Navy Practice for Experimental Metal Ribs. — Metal construction 
reduces weight. That is one important advantage. Press construction re- 
duces the number of parts with less assembly cost. The desirability of 
having satisfactory designs ready for the great manufacturers to start 
w^ork upon immediately, in time of national emergency, is readily per- 
ceived. Having these ideas in mind, the aeronautical engineers of the 
Navy Department have endeavored to develop designs for naval airplanes 
adapted to the general shop processes of the large automobile builders. In 
following out this plane, a low-cost method for making pressings in sheet 
metal, which may be of interest to engineers in general, has been de- 
veloped and put into use at the Naval Aircraft Factory and has been de- 
scribed by Commander R. D. Weyerbacher, U. S. N. in Automotive In- 
dustries. 
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The method may be briefly described as the use in a press of a single 
die with sheet rubber, in lieu of a second matched die. Of course, the use 
of rubber as a filler or forcer, in place of a liquid, in cases where hydraulic 
dies may be used, is not new, having been known and used in the art for 
many years. However, it is l)elieved that the use of rubber to make such 
shapes as are illustrated at Fig. 62 R represents pioneer work. The wooden 
die used for making the section of an experimental airplane wing rib is 
shown, as well as a section formed by the process and the rubber used 
to press the metal into the mold or die. The rib used on the PN9 sidewalk 
wing panels is also shown. This is 54}^ inches long and pressed of material 
.023 inches thick. The maximum ordinate is 11 inches. 

The method presents the following advantages : 

1. A single die only is needed. 

2. This die may be of wood, metal or other material, depending upon the 
amount of use it is to have. 

3. The die may be made in the most reasonable of a number of ways, 
depending upon which is most applicable to the work in hand; it may be 
cast, it may be built up, or it may be machined from stock. 

4. The die need be finished only to the tolerances and with a smooth- 
ness required in the complete article, i.e., no fitting of male and female dies 
is required. 



Fig. 63. — German Junkers Metal Wing Construction. A-B, Sections of Wing Using 
Webs or Ribs. C-D, Sections of Ribless Wing. Note Use of Corrugated Sheet for 

Covering. 

Use of Corrugated Sheets. — In order to secure greater strength, instead 
of using plain surface sheets of duralumin as wing and fuselage covering, 
corrugated sheets have been employed by several manufacturers of all 
metal airplanes, notably Junkers in Germany and Stout in this country. 
The employment of corrugated metal construction in airplanes dates back 
twelve and possibly a few more years. In 1915, the German designer, Herr 
Hugo Junkers advocated the application of corrugated sheet metal to the 
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construction of all-metal airplane wings. Re])rints from the Junkers patent 
show, in Fig. 63 A and B, the method of combining a flat outer skin with a 
corrugated reinforcement sheet and metal ribs to maintain the section, 
while in C and D, a ribless type of metal wing construction is shown, which 
involves the employment of multiply stififening. Junkers planes were the 
first to employ corrugated metal construction in both wings and as a 
fuselage covering, in each case the inherent stiffness enabling consider- 
able reductions in the extent of the internal structure. 



Fig. 64. — The Kohrbach Wing has Detachable Nose Box and Trailing Sections Fas- 
tened to Main Wing Structure. Duralumin is Used at All Points. 

In a paper read before the S. A. E., Adolph Rohrl)ach, a German aero- 
nautical engineer discussed the subject of all metal construction as applied 
to the Rohrbach flying boat monoplanes. He brought out the point that 
higher wing loadings are possible with metal structures and also described 
the construction of very large s])an monoplane wings by a sectional unit 
assertibly plan. The following excerpts are taken from this interesting 
paper, the full context of which is available in the S. A. E. Journal for 
January, 1927, the official publication of the Society. Mr. Rohrbach is 
authority for the following: 

''We endeavor to use the highest possible wing-loading and, corre- 
spondingly, to secure the highest i^ower-loading. As is generally known, 
wing-loading means smaller bending and twisting moments of the wing, 
a shorter tail and smaller tailplanes and consequently less dead-weight, 
greater strength and endurance of the whole structure and lower building 
cost. The disadvantages of small wings are reduced ability to climb and 
higher take-off speed. To a certain extent both these disadvantages can 
be counterbalanced by a lower power-loading. Another drawback of too 
high a wing-loading is a relatively bad L/D or gross lift-thrust ratio of 
the whole airplane, because the parasite resistance cannot be reduced 
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below a certain limit and therefore this resistance becomes more and more 
predominant as the wing area is made smaller. Taking all this into ac- 
count, it is a matter of compromise to select the best wing-loading for 
any special purpose. Everyone must make this compromise, but most 
constructors try to obtain the lowest possible landing-speed so as to have 
the advantage of greater maximum speed and lessen the influence of gusts. 
Neither with flying-boats nor with land airplanes have we had any bad 
experience from their comparatively very high wing-loading. 

The following table shows, for example, the influence of alterations of 
the wing-loading in the case of a single-engine night-bombing airplane. In 
’the case of this airjdane, high speed and long range were more important 
than a high ceiling. Even in this case, where climb was not very important, 
it is useless to increase the wing-loading beyond 14 pounds per square foot. 


INFLUENCE OV WINU-LOADJNC ON WEIGHT AND PERFORMANCE 


Airplane 


Details 

A 

B 

C 

S])aii, ft 

123 

99 

87 

Wing-Loading, lb. ijcr sq. ft 

0.2 

13.5 

16.4 

Power-T^oading, lb. per bp 

21 4 

20.4 

19.0 

Idving-Structure Weight, lb 

7.000 

6,050 

5,470 

Fbn’ng Structure, per cent 

35.3 

32.2 

31.1 

Powerplant, per cent 

18.9 

19.8 

20.9 

Useful Load, lb 

9,100 

9,100 

8,450 

Useful Load, per cent 

45.8 

48.0 

48.0 

Maximum Speed, m p.b 

117 

125 

132 

Landing-Speed, m.p.b 

47 

50 

62 

Service Ceiling, ft 

14,100 

9,850 

9,200 

Range at Full Speed, miles 

1,930 

2,070 

1.990 


Mr. Rohrbach stated his company would build no more bi])lanes but 
build mono]danes only for all purposes. The art of constructing bi])lancs 
is relatively much more developed than that for the monoplane. Never- 
theless, we have already obtained with the monoplane at least as good and 
often a much better performance than with the biplane. Apart from that 
the monoplane is more simple, strong and durable and therefore cheaper 
in every res])ect. Within a few years, there will be no chance for biplanes 
in competition with the then so much more refined monoplanes. I have 
often met people who argued that monoplanes must be less maneuverable 
than biplanes on account of their greater span. It is true that the moment 
of inertia of the plane is increased by the greater span, but the monoplane 
tail is longer, so that the lever arms of all control-surfaces are increased 
correspondingly. Apart from that, we have found that the amount of 
dihedral angle has much more influence on the lateral controllability than 
the moment of inertia. 

Rohrbach Wing. — Since more than 8 years ago, the Rohrbach Company 
have developed the metal-covered wing. The two main problems are (a) 
light weight as a compromise with great strength and endurance and (b) 
easy maintenance and easy repair of the whole structure. 

The stressed skin made out of flat plates, as used in shipbuilding, is 
their solution. Task (b) is fulfilled by the detachable nose and by rear 
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end-boxes, as shown in Fig. 64. Though the stressed-skin construction 
with flat plates is, in principle, most suited to obtain a high and rigid metal- 
covered wing, a very great amount of detail work w^as required before this 
type of wing construction could be mastered. A great number of tests 
were made since 1919 to determine the best form and arrangement of every 
detail member of these hollow box-girders. 


Old Cons+rucfion 


f Upper cjirder 



Rib s frucfure urn f 


Shin plaie 
(upper) 




New Construction 



Fig. 65. — Principles of Construction Used in Rohr bach Control Surfaces to Facilitate 
Manufacture and Reduce Costs of All Metal Structures. 


The wing consists of the hollow box-girder and nose and trailing end- 
boxes to complete the wing profile. The webs of the box girder are cut 
out of plates. The right shape of the cut-outs is obtained by following a 
plywood jig which is fixed on the plate. These cut-out plates are then held 
in the right position with the girder angle-profiles by jigs. On these jigs, 
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the angles are fixed to the girder plates by rivets or screws. The girder 
is then taken out of the jig and all the riveting is done by riveting-machines. 
The transverse walls are made in the same way as are the longitudinal 
girders. The assembling of the finished longitudinal girders with the trans- 
verse walls is clone on a steel fundament. 

The next process is the installation of the lower skin. After that, the 
girder is taken from its bed and the upper skin is riveted on. Most of 
the riveting seams between the separate plates of the upper and lower skin 
are made by riveting-machines. The assembling rivets which connect the 
skin with the girders and the transverse walls are riveted with pneumatic 
‘hammers. The steel fittings of the joint between the wing and the boat are 
riveted into the box girder on a special jig, which secures their proper 
position. All other steel fittings for the attachment of engine or of landing- 
gear struts, all bearings for the aileron control-rods and all bearings for 
nose end-boxes are also attached to the box girders, so that it is entirely 
finished and no more work need be done on this part. The nose end-boxes 
are assembled out of ribs and skin plates on a jig. This jig secures also 
the right position of the bearings by which they are attached to the box 
girder later on. 

The building of plate-covered control-surfaces formerly required much 
hand-work and was very expensive. Fig. 65 shows how a simple altera- 
tion of the production method eliminated most of this hand-work, the re- 
sult being that the building-time was reduced by 83 per cent. The left 
side of the drawing represents the original building-method, where ^all 
ribs and the upper and lower skin were connected by a great number of 
rivets that, for the most i)art, were very inaccessible. The cheap method 
is indicated by the drawings on the right side. First, the rib girders are 
riveted to the skin plates on riveting-machines. Then the two skins are 
connected by the trailing angle, also on riveting-machines. Last, a few 
rivets are riveted by hand to secure the upper rib-angle to the posts and 

diagonals of the ril). 

The Rohrbach subdivided wings, easily accessible for inspection and 
repair, are at present perhaps 10 or 20 per cent more costly to build than 
metal-frame wings with can\as covering. Very probably they will be as 
cheap as metal-frame canvas-covered wings within a short time; but, even 
if the manufacturer should not succeed in a further cost reduction, that ty])e 
of wing can compete with the metal-frame canvas-wing because the canvas 
covering must be replaced at least once a year at a cost of about $4 to $5 
per square meter (10.76 square feet) of surface while the metal skin is much 
more enduring. 

The construction of metal airplanes requires a great number of special 
tools and jigs. To reduce the number of special tools, the Rohrbach Com- 
pany have standardized duralumin profiles, riveting s])aces, bolts, and the 
like. In no other industry is the cheapness of jigs so important as in the 
aircraft industry, with its frequent alterations of design. 

One of the most important problems in connection with the use of 
duralumin in seaplanes is that of corrosion. The Rohrbach Company had 
great trouble in this respect but, with all the precautions which are now 
used, this difficulty seems to be overcome definitely. All profiles and con- 
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necting points must be accessible from both sides, so that they can be 
inspected and repainted easily. All plates, butt-straps and profiles are 
painted before being riveted together. The rivets are of the same alloy 
as the plates and profiles and are annealed at 510 degrees centigrade (950 
degrees fahrenheit). Rivets that are annealed at a low temperature become 
corroded much more easily. A kind of black varnish has proved to be 
the best protective against corrosion. Great care is necessary when other 
metals are connected with duralumin. Bronze and copper are most danger- 
ous because their electrical tension is very high and this destroys duralumin 
rapidly. The same difficulty exists with many kinds of chromium steels 
and also with stainless steel, which contains much nickel. The designer 
should endeavor to use, against duralumin, steel having a not too high elec- 
trical tension and all steel fittings should he isolated electrically by thick 
])rotective i)ainting between the steel and the duraluinin. 



Fig. 66. — Diagram Showing the Use of Incidence Wires between Planes Mounted in 

Staggered Relation. 


Airplane Wing Bracing. — Mention has been made previously of the 
strength obtained by the biplane arrangement of wings because a set of 
fitting surfaces are held together by tension wires passing in three dimen- 
sions, forming the assembly into a very light box girder. Referring to Fig. 
66 it will be seen that wires are placed between each pair of struts or com- 
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pression members and that these are tension members which tend to bring 
the wing spars tightly against the struts of spacing members. One wire 
extends from the top rear spar to the bottom front spar. The other from 
the top front spar to the bottom rear spar. These wires are called ^‘inci- 
dence’' wires, as they keep the planes in the proper angular relation to each 
other. 

One advantage of a biplane is that the wings can be completely as- 
sembled and braced up independently of the fuselage. This means that 
they can be handled as a unit and readily installed or removed. A typical 
wing section assembled on one side of the biplane fuselage is shown at 
•Fig. 67. When the airplane is in flight the lift exerted on the wings will, 



Fig. 67. — Diagram Showing how Braced Biplane Wing Assembly Forms a Complete 
Structure that may be Easily Assembled as a Unit to Biplane Fuselage. 


of course, tend to force them up while the weight of the fuselage tends to 
force them down at the center. The result of this combined force is that 
the wings tend to fold up from the tips inward towards the fuselage. It 
A\ ill be evident that bracing wires are necessary to prevent this. The up- 
ward pull of the up])er parts exerts a lift and puts some of the diagonal 
wires under a tension loading. The lift on the lower spars imposes a com- 
pression strain in the spacing struts between the planes. Under this con- 
dition the top spars are in compression and the lower ones under tension. 
When the machine is in flight the load is carried by only one set of wires 
which are, therefore, known as lifting wires. The opposing diagonal wires 
do not carry any load when the machine is in the air, but, however, when 
the machine alights and the wdngs lose their lifting effect the other set of 
wires is brought into play, and for this reason they are called landing wires. 
When the machine is in the air the flying wires are in tension or stretched 
while the landing wires are slack. When the machine is resting on the 
ground on its landing gear the conditions are reversed and the flying wires 
do not carry any load while the landing wires are in tension. When the 
machine is resting on the ground the top wing spars are in tension and the 
bottom wing spars arc under comju-ession. Obviously the spacing struts 
between the wings remain under compression all of the time. 
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Loads on Airplane Wing Wires. — An airplane wing is not only subject 
to a lift reaction, but also a drift reaction. As the machine flies through 
the air the pressure of the air against the wings exerts a horizontal loading 
that tends to fold the wings backward at the same time that the lift re- 
action tends to fold them upward. Horizontal bracing wires are provided 
in the wings to prevent the rear spar from bending backward and are 
known as drift wires, while compression struts are placed between the front 
and rear spars to hold the front spar at the correct distance. In some air- 
planes special wires extend from the front end of the fuselage to both 
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Fig. 69.— Three-quarter Front View of Early Biplane at A Showing Interplane Struts 
and Functions of Bracing Wires. B and C— Modern Designs Showing how Parasitic 
Resistance is Reduced by Using Fewer Struts and Wires. B Shows Whirlwind Mo- 
tored Travel Air Biplane. C Shows Boeing Whirlwind Motored Training Biplane. 
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front and rear spars of the wings to take the drift reaction. These wires 
are clearly indicated in Fig. 69 A. 

The bracing wires are called upon not only to resist the elementary 
forces considered, but while performing evolutions in the air they may be 
subjected to combination strains resulting from loads coming in different 
directions that cannot be computed accurately. It is therefore important 
that the bracing wires have a wide margin of safety over the actual require- 
ments. It is also evident that one of the important items in connection 



Fig. 70. — A Comparison between Two Accepted Types Showing how the Ideas of 
Designers Differ. Note that the Plane Shown at A has Upper Wings of Greater 
Spread than the Lower, while the Plane Shown at B has Wings of the Same Spread. 

with airplane maintenance is to make sure that the bracing wires are 
always at the correct tension and that they are securely fastened and not 
frayed or weakened in any way. In order to prevent the bracing wires from 
rusting, those that are inside of the wing structure are painted or enameled, 
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while the bracing wires that hold the planes together and which can be 
easily inspected are kept covered with a coating of graphite grease. In 
tightening bracing wires it is important that only the proper amount of ten- 
sion be given, as, if the turnbuckles are tightened too much the interplane 
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struts are apt to be bowed and their strength greatly reduced. When a 
plane is put into commercial production in sufficiently large quantities, 
bracing rods or wires of streamline section having threaded ends to re- 
ceive the tensioning members are often used instead of the usual round 
section steel wire cables. The modern tendency is to eliminate as many 
struts and bracing wires as possible. The biplane designs at Fig. 69 B 
and C show the use of but one set of interplane struts on each side and 
where the wings have considerable overhang, the wing spars are made 
strong enough to carry landing and flying loads without bracing wires as 
used at A. 

Airplane Wing Form. — Mention has been made previously of the in- 
fluence of varying wing forms if considered from their plan view and a 
number of simple diagrams have been presented showing typical wing 
plans. The arrangement of the airplane supporting surfaces in relation to 
the rest of the airplane structure and the manner in which theoretical forms 
are modified to meet practical conditions may be clearly ascertained by 
referring to Figs. 70 and 71. The plan at A, Fig. 70, is a typical training 
biplane which has both a pronounced forward stagger and an overhang as 
well, and the upper and lower planes have a decided retreat or ‘'sweep 
back.'* The function of this is to give a certain inherent stability under the 
influence of side gusts as will be explained later. It will be observed that 
the ailerons or balancing flaps are larger at the tip of the wing and that, 
when in the normal flying position, the wing has a greater chord at the 
tip tl\^n it has nearer the airplane body. The function of this swelling out 
of the ailerons is to provide more surface in order to compensate for the 
lessened lifting influence due to eddy currents which exist around the wing 
tips. 

If one compares the plan at A with the arrangement shown at B, Fig. 
70, which outlines a very successful machine, it will be evident that all 
designers do not avail themselves of the aerodynamical advantages to be 
obtained by incorporating some of the finer points of design. The biplane 
shown at B has l)oth upper and lower wings of the same spread and the 
leading edge of the wing is at right angles to the fuselage. Both upper 
and lower wings have the same spread and practically the same amount 
of surface and both are provided with balancing flaps or ailerons whereas 
the ilkachine shown at A has ailerons only on the upper planes. It is evi- 
dent that it is much easier to build a machine when planes of the same size 
are used, and the installation can be considerably stronger when the wings 
have no “sweep back’' or retreat. 

If one studies the plan views shown at Fig. 71, some unusual airplane 
forms may be seen. That at A is the German AGO tractor biplane and 
has wings of the very peculiar form depicted in which both leading edge 
and trailing edge taper from the fuselage toward the wing tip. The angu- 
larly placed wing spars actually meet at the wing tip and it is claimed 
for this design that not only are some of the advantages of the retreating 
wing plan obtained, but that a wing plan form that more nearly meets 
theoretical conditions than other form is secured. Mention has been previ- 
ously made of the advantages obtained by having the greatest chord of 
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the wing near the fuselage and having a decreasing chord toward the wing 
tip. In the form shown at B the wings have a tapering leading edge so that 
the effect of a retreat is obtained to a slight extent at that point, but there 
is a straight trailing edge which is at right angles to the center line of the 
fuselage which would seem to entirely nullify any supposed advantage 
gained by the tapering leading edge. 

All of the machines shown and thus far discussed have been of the 
tractor type with the propeller or air screw mounted at the front end of 
the fuselage. A distinctive and unconventional type, which is shown at C, 
Fig. 71 has a pusher screw located back of the wings, but at the same time 
follows the usual construction in which an entirely covered-in streamline 
body is used instead of the usual open-work or outrigger construction 
which is necessary to carry the empennage in the usual pusher type. This 
design, due to Edson Gallaudet called for a rather complex fuselage struc- 
ture where the propeller was located, this being also an unconventional 
design in which the blades were fastened to a ball bearing ring member 
driven by gearing, the ring being of large diameter so it could revolve 
around the fuselage. While the wings of this machine are set with the 
decided sweep back or retreat, a pronounced stagger is also provided. The 
ailerons, or balancing flaps, are placed on both upper and lower wings and 
are of the form Jhat are enlarged near the tip, instead of the usual simple 
type, such as shown at B. 

A study of the various designs, shown at both Figs. 70 and 71 will show 
that various designers have different opinions regarding the best* plan 
form for the empennage members. Some of the stabilizers have gracefully 
rounding sides, while others are approximately triangular in form. There 
is also some difference in the form of the elevator flaps, but there is not 
much difference in the area provided for these surfaces relative to those 
of the main aerofoils. Very little is being done at the present time with 
unconventional plane forms, because practically all of the development 
work is being concentrated on the improvement of the power plant and 
structure to reduce parasitic resistance. Almost any type of airplane will 
fly if it is given power enough, regardless of the shape or arrangement of 
the supporting and auxiliary surfaces if standard aerodynamical principles 
are not departed from too greatly. Of course, the fact that almost any 
plane will fly is not allowed to interfere with the development of structures 
that will be efficient and carry maximum loads with minimum power or 
attain high speeds without excessive engine energy consumption. 

Planes With Longitudinal Dihedral. — Practically all airplanes at the 
present time are provided with stabilizing and control surfaces at the rear 
of the main supporting members, but some airplane;^ have been built in 
which the elevator has been placed at the front, but this is no longer con- 
sidered good ])ractice. While it was satisfactory with airplanes of early de- 
sign that had relatively low s])eeds, the defects of this system were made 
apparent as soon as the airjdane had been developed to a point where 
greater speeds were obtained. There have been types of airplanes de- 
veloped that possessed no stabilizing surface as distinct from the main support- 
ing surfaces and in these the arrangement of the main planes was in a pro- 
nounced V or the planes were given an exaggerated retreat or sweep back, 
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which is sometimes called a longitudinal dihedral, which was said to assist 
in making such a design automatically stable. With this form it is neces- 
sary to give a decreasing angle of incidence toward the wing tips and also 
to change the camber of the wing from the center section to the tips. The 
function of the wing tips is then such that they act as longitudinal stabil- 
izers. 

One of the disadvantages of this construction is that it is a more diffi- 
cult form to build than the Cf^nventional design, which in plan has sup- 
porting surfaces in the form of a parallelogram. In order to secure strength 
the wings must be considerably heavier. Another disadvantage is that the 



Fig. 72. — A Monoplane Having a Somewhat Exaggerated Lateral Dihedral. 

aspect ratio is not as large as would be the case if the leading edges of 
the wings are placed at right angles to the center line of the fuselage. Any 
airplane having a pronounced sweep back has a lower aspect ratio than 
the usual construction would have with the same length of leading edge, 
and as the efficiency of the lift decreases wdth a lessened aspect ratio, the 
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V wing arrangement would produce less lift for a given weight of sup- 
porting surface than would be the case if the wings were arranged approxi- 
mately in the form of a parallelogram as shown at Fig. 70 B, instead of 
having a pronounced retreat as outlined at Fig. 71 C. It is evident that the 
decreasing camber of the wings can be obtained only by using ribs of 
different forms at various portions of the wing and that this results in 
added expense. The longitudinal dihedral is not used to any extent at 
the present time because its theoretical advantages do not balance the 
practical and structural disadvantages inherent with this design. 

Influence of Lateral Dihedral. — While the longitudinal dihedral is not 
used to any great extent the lateral dihedral has been applied in many de- 
signs because it aids in securing lateral stability. A dihedral angle is 
obtained by inclining the supporting surfaces up from the center of the 
fuselage so that the Aving tips are higher than the other portions of the 
wing. A monoplane having a pronounced and somewhat exaggerated 
lateral dihedral is shoAvn at the top of Fig. 72, under normal flying con- 
ditions. Just as is the case with the longitudinal dihedral, the effective 
span or wing spread is not represented by the actual length of the lead- 
ing edge, but by projected distances A and B, which are termed ''horizontal 
equivalents.” It will be observed that under normal flying conditions, the 
distance A is equal to the distance B. This, of course, results in the lift 
of one wing beiitg e([ual to that of the other. If, however, a gust of wind 
causes one side of the machine to tip, as is shown in the lower part of 
Fig. 72, it will be apparent that the horizontal equivalent of the lowesfwing 
which is shown in a horizontal position and which is represented by the 
letter B becomes greater than that of the other wing as represented by 
the distance A. The wing B will have a greater lift than wing A and 
therefore will tend to rise while wing A will depress until the normal 
flying position is reached. 

While the automatic stabilizing effect is not directly proportional to the 
difference between the horizontal ccjuivalents A and B, and while other 
factors, such as amount of keel surface and disposition of the center of 
gravity, affect the automatic recovery, at the same time the lateral dihedral 
offers some advantages. Experiments in the wind tunnel have shown that 
moderate dihedral angles up to 14 degrees included angle, or 7 degfrees 
angle at each wing, do not reduce the aerodynamical efficiency appreciably 
and at the same time some degree of automatic lateral stability is secured. 
A well-known training machine of the tractor biplane ty])e has a lateral 
dihedral of 4 degrees on each wing or a total included angle of 8 degrees 
between the two. This means that instead of the wings being placed 180 
degrees from tip to tip as would be the case if they were absolutely hori- 
zontal, the space between wing tips would be 180 plus 8 degrees if 
measured from underneath and 180 minus 8 degrees if measured from the 
top. 

Biplane and Monoplane Wing Bracing. — If considered purely from ian 
aerodynamic point of view the monoplane has decided advantages and is a more 
efficient form than the bi])lanc, but as has been outlined in a previous discussion 
of this subject the reduced efficiency of the biplane is more than compen- 
sated for by the increased strength of the biplane structure in the opinion 
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of its pro])oiients. The advanta^^es of the 'bi])lane are not so firmly estab- 
lished at the present time as they were during the War and many aero- 
nautical engineers are turning to the monoplane. The first biplane form 
was poorly designed and had so much exposed wiring and struts of such 
clumsy form that it offered considerably more resistance than the smaller 
and lighter monoplane did. The latter offered less resistance because it 
had no struts and was enabled to operate with higher efficiency because 
there was no interference between upper and lower surfaces as is the case 
with the biplane. Improved design and careful bracing have made it pos- 
sible to build biplanes that are very fast and that are able to lift heavier 
loads than a monoplane of the same efifective area built of materials per- 
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mitting only low wing loadings, such as wood and fabric. This is changed 
hy the use of metal construction, however. 

As the size of machines increases the biplane structure offers advan- 
tages, We have seen that the construction of a wing consisted of two 
"wing spars which were joined together by transverse ribs. The connec- 
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tion of the wings to the fuselage of the airplane is at the inner end of the 
wing spars so that we can consider one side of any airplane as a cantilever 
beam. The two methods of bracing the monoplane by wires are shown at 
Fig. 73 A and B. The flying wires, wliich are those that assist the wing 
in carrying the load by transmitting some of it to the fuselage, are indi- 
cated by solid black lines while the landing wires are indicated by dotted 



Fig. 74. — The Fokker F III Cabin Monoplane which has been Successfully Used 
on European Airlines has Internally Braced Cantilever Aerofoil of Wood Spars and 

Ribs Surfaced with Veneer. 

or broken lines. The scheme shown at A is the most common one as the 
construction outlined at B has been practically abandoned. The biplane 
structures which are shown at Fig. 73 C and D may practically be con- 
sidered true girders of the box or trellis ty])e. As is true In the preceding 
example, the flying wires are indicated with solid black lines, while the 
landing wires are shown by broken lines. By these comparisons it can 



Fig. 75. — The Arrow Sport Biplane has Cantilever Wings of Tapered Section and has 
no Interplane Struts or Bracing Wires to Offer Resistance to Flight. 


be seen that the biplane system may ))e so worked out as to offer a stronger 
and more rigid construction than i.s possiJ)lc with a monoplane system, 
weights and siij^porting surfaces being equal, if the bracing effect is limited 
to external wires only. When thick section wings are used on monoplanes, 
they may be so Avell braced internally that no external wires are neces- 
sary and ample strength obtained by the depth of the spars at the fuselage. 
A very efficient design of monoplane is shown at Fig. 74, which shows the 
form of a thick section wing and how it tapers from its major dimension 
at the root or point just above the fuselage to the tip, the internal spars 
forming a true cantilever truss construction. The wing shown is of wood 
construction, the surface being of plywood. An unusual design of biplane 
is shown at Fig. 75. In this, there are no interplane struts or bracing wires 
except at the center section. The wings are of the cantilever monoplane 
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type and parasitic resistance is less than when struts are employed be- 
tween the aerofoils. This is a compromise design to secure adequate lift- 
ing area with small span and at the same time secure some of the 
aerodynamical advantages of the monoplane. Unfortunately, this arrange- 
ment does not eliminate the aerodynamical disadvantage of lessened lift 
due to superposed surfaces which the writer has previously discussed. 

Side Bracing of Airplane Wings. — The side bracing of airplane wings 
can be done in many different ways and there are many possibilities in the 
design of the interplane struts by which the usual wire bracings, which 



Fig. 76. — Showing Several Methods of Bracing Biplane Wing Structures, and Illustrat- 
ing the Function of the Struts in Each Case. 

arc called '‘incidence” wires, may be dispensed with entirely. The most 
common systems are shown at A and R, Fig. 76 , and are based on the same 
principle, the difference being that the form at A is adapted for a biplane 
having its leading edges parallel while that at B has a positive or forward 
stagger. Naturally, the struts must be inclined in the design shown at B. 
The construction shown at C is known as the N-type bracing, and at D its 
application to a staggered biplane construction is shown. It is stated that 
the use of three struts offers less resistance than two struts and two wires 
do. In fact, it has been proved that the resistance produced by the wires 
in the design shown at A or B will be reduced about 50 per cent if the 
construction shown at C or D is adopted. 

The bracing system depicted at F shoA\s the V-type bracing which has 
been adopted on some of the Nieuport fast scout biplanes. The converg- 
ing struts are assembled in a sj)ecial streamline socket fitted between the 
spars of the lower wing, and while it is also adaptable to the usual biplane 
form as shown at E, its field of greatest utility lies in the unequal chord 
biplane having a pronounced forward stagger. In the early days, Breguet 
designed a single lift truss biplane of the form shown at Fig. 76 G. As his 
main object was to vary the angle of incidence of the wings automatically, 
these were hinged to tubular spars and a spring bracing member having 
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some degree of flexibility extended from the tubular spar to the rear spar 
of the wing. This construction brought the spars considerably nearer to- 
gether than they would be in the conventional design wing and the entire 
structure was not as strong as the other designs employing double lift truss 
construction. 

The I-type side bracing that has been used in an effort to reduce para- 
sitic resistance is shown at Fig. 76 PI. In this construction special sockets 
are used which have long bases reaching from the front to the rear spar, 
and these project from the wing surface an appreciable distance in order 
that the single strut will project into the socket far enough to secure the 
necessary strength and rigidity. The Martin K-type side bracing, which 
is shown at Fig. 76 I, has many advantages, and while it offers but little 
more resistance than the T-type shown at PI, it eliminates the bending 
moments due to the cantilever socket construction. A modified system of 
the K-type side bracing is shown at Ph’g. 76 J. This is a single lift truss 
designed by Curtiss and built up of two steel tul)es, one of them being bent 
in such a form that it can be readily fastened to the front strut for an 
apprecial)]e length. When either of the K-type side bracings are used it 
is possible to streamline them vSo effectively as to secure a marked reduc- 
tion in resistance. The X-type side bracing, which is shown at Fig. 76 K 
and L, is not used to any extent at the j)resent time, though it would seem 
to offer some advantages over the conventional construction shown at A 



Fig. 76A. — Empennage of the NC-4 Fl 3 dng Boat Showing how Bracing Wires are 
Employed in Strengthening the Assembly. 
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and B, because it eliminates the bracing wires, though perhaps more re- 
sistance would be caused due to the struts crossing each other, which 
would place them in slightly off-set relation to each other, whereas in other 
two strut arrangements one is behind the other. 

Airplane Bracing Wires. — Three kinds of steel wire are used for brac- 
ing, one being a hard wire of round section while another is a flexible cable 
or steel rope. There is a third type known as R.A.F. wire, which is a rod of 
streamline section provided with tensioning and attaching fittings at each end. 
This form can only l)e used where it was designed to fit as it can be shortened 
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Fig. 77. — Details of Standardized Thimbles and Turnbuckles. 


or lengthened only within iiarroAv limits. The stay wire loops and the 
method of forming eyes in both flexible cables and hard wire by the use 
of thimbles, around which the flexible cable is bent and afterwards sccairely 
held together by a serving of soft steel or copper wire well soldered, is 
shown at Fig. 77. The hard wire loops are made by using oval coils of 
wire as sleeves and bending up one end of the wire as shown, afterwards 
soldering the whole to insure that the parts will stay in the proper rela- 
tion. In order to insure that the bracing and stay wires will be properly 
tightened, turnbuckles are interposed in each wire. These may easily be 
tightened by inserting a pin in the turnbuckle body, and, after the cables 
have been tightened to the pro})er degree, the turnbuckles are “safety 
wired’^ by passing copi)er or soft iron wire through the turnbuckle body 
and then wrapping it through and around the eyes in such a way that the 
turnbuckle, body cannot become loosened without the safety wire being 
cut and removed. This renders it impossible for a cable to become loose 
due to vibration while the machine is in flight. The appended data regard- 
ing the various cables and hard wire, as well as the turnbuckles generally 
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used in airplane wire bracing work, has been suggested by the Aeronautic 
Division of S.A.E. This gives sizes and strength of wires of various kinds. 

Non-Corroding Soldering Flux. — Various types of soldering flux and 
paste have been used in different aircraft contractors' plants. The largest 
use for these has been in the soldering of splice terminals on wire cables. 
It has been found that whenever certain of these soldering compounds are 
used, rapid corrosion of the cable occurs, as the compounds contain acid 
ingredients which work down into the strands. Examination of a great 
many samples of different types of wsoldcring compound show in practically 
every instance a very large proportion, from 20 to 80 per cent, of zinc 
chloride, sometimes admixed with ammonium chloride or mineral oil. The 
purpose of the zinc chloride is to have present a material that would hydro- 
lize to an acid reaction which would cleanse the surface of the metal by 
dissolving the oxides and make a good soldering surface. 

It has been found that the use of such compounds can be done away 
with entirely, and one cause of corrosion eliminated by the use of a solder- 
ing flux free from mineral acid. The flux consists of rosin with an organic 
acid compound such as stearic acid, these two ingredients being melted to- 
gether in equal quantities by weight. This material has practically no 
solvent effect upon metal but cleanses the surface sufficiently from the 
oxide to present a good soldering joint. Some slight difficulties were at 
first had with contractors who endeavored to make up their own soldering 
compound to the above formula, reports being to the effect that they did 
not ge*t sufficient cutting effect with the compound. These instances, how- 
ever, showed that they had purchased stearine in place of stearic acid. 
Stearine, as is well known, is a glycerine ester of stearic acid and has no 
acid value, being neutral. Stearic acid, on the other hand, has a high acid 
value of 200, and when used Avith rosin forms a soldering flux that gives 
very satisfactory results. 

Hard Wire Loop. — This consists of an oval coil of wire through which 
the hard wire is slipped, bent in the form of a loop, again inserted, and the 
end bent over against the coil. The whole is then soldered. This is 
identical with the present British standard. 

Flexible Cable Ends, — The sketch shows the cable end wrapped around 
a ‘*st||ndard thimble,” The length of splice from pointed end of opening in 
thimble w^as represented by "'splice plus or minus inch.” The end of 
the splice is wrapped Avith a serving of shellacked harness thread. Dimen- 
sion A represents the distance from end o'f opening in thimble to end of 
serving. 
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Galvanized Non-Flexible Ends. — ^The cable end is wrapped about a 
thimble, with a total length of splice indicated by L ; 0.041 inch soft steel 
- wire is to be used for wrapping, and the sketch indicates two spaces left 
between convolutions of the wrapping wire, width of the spaces being 
indicated in the table. The accompanying table gives the sizes and 
strengths : 


Diameter of Cable 

L 
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Wind 

Full 

Strength 
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Vi« 1 X 19 
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V« 
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1 X 19 
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2 
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2% 
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U. S. Army Bracing Wire Practice. — The stays and brace wires now in 
general use in army airplane construction may be divided into five classes: 
solid streamline wire, non-flexible cable, flexible cable, round swaged wire, 
and solid aviator or piano wire. The material used for interplane bracing 
and also for the landing gear and empennage stays may be either stream- 
line wire, such as that shown at 6 in Plate 17, or non-flexible cable consist- 
ing of a number of strands or individual wires, as illustrated at 1, 2 and 3 
in the same plate. For controls, and particularly those which pass over 
comparatively small pulleys, flexible cable usually is employed. This is 
quite similar in appearance to the non-flexible, except that its main strands, 
instead of being single wires, consist of a number of much smaller wires. 
Internal braces or stays in the fuselage and wings are made of either round 
swaged wire or solid aviator wire, some designers and builders favoring 
one type and some the other. 

One of the most serious difficulties encountered in using any style of 
stay or brace is the proper looping and splicing of the ends so that the 
terminal attachments will be as strong as the wire itself. Various types 
of terminals are used in securing the ends of the brace wires to the*parts 
of the fuselage, wings, etc. For instance, streamline and swaged wires 
are provided with right and left hand threads at the ends, which screw into 
clevises or internally threaded sleeves having yokes at the outer ends that 
are secured to plates or eyes fastened to the fuselage or other part to be 
braced. Adjustment is secured by turning the wire itself, inasmuch as 
the clevis usually is attached to its mounting by a cross pin which pre- 
vents it from rotating. When the proper adjustment has been reached, 
locknuts on the threaded ends of the wires are screwed down tight against 
the clevises. The type of terminal used with streamline wire is shown at 
6 in Plate 17, and that for swaged rod at 9. 

For either flexible or non-flexible cables, terminals usually are made by 
bending around thimbles and then securing the free ends to the main part 
of the strand either by plain soldering or by splicing, as shown in Plate 17. 
The splicing operation consists of separating the strands at the end of the 
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cable and also those of the body just below the point of the thimble, and 
interweaving the two sets of strands, so that when pulled tight, they will 
form a compact joint as strong as the cable itself. The splices may be 
soldered, although this is not always considered necessary with some types. 
They also are usually served, or bound with fine wire or similar material 
wound over the full length of the splice. A cable with thimbles spliced 
into it at both ends is adjusted for length by means of a turnbuckle between 
one end and its attachment. 

Solid aviator wire is secured at each end by forming a loop of the 
wire itself, slipping a flattened sleeve or ferrule over the main wire and 
the loop end, and then bending back the end alongside of the ferrule. The 
various steps in forming such a terminal are shown in order. Adjustment 
for length in this case also is obtained by using a turnbuckle at one end. 

Streamline Wire. — The chief advantage of streamline wire is that it 
reduces the parasite resistance. For this reason it is much used on war 
planes, especially by the British and to some extent by the United States. 
It is only required, of course, for exposed places, such as interplane, land- 
ing gear and empennage braces. It is estimated that on a machine of the 
DeHaviland-4 type, travelling at a velocity of 150 m.p.h., and increase 
in speed of 7 m.p.h. could be realized by using streamline wire throughout, 
instead of round cable, for all exposed stays. The terminals used with 
streamline wire are usually universal clevises similar to that shown at 6 
in Plate 17. As regards strength, this material is approximately equal to 
round, non-flexible cable of the same size and weight. 

Non-Flexible Cable. — Until quite recently this material was used to a 
great extent for interplane stays, drift wires, landing gear braces, etc. 
Lately, however, streamline wire has taken the lead. Non-flexible cable 
is considered better than the flexible variety for most uses, being from 5 
to 14 per cent stronger. It is also less subject to deterioration, as its com- 
ponent wires are fewer in number and of greater individual strength than 
those of flexible cable. The latter also stretches considerably when in 
use, whereas non-flexible cable has no appreciable elongation. Hence 
planes on which non-flexible stays are used will retain their alignment 
much better than those in which the external braces are of the flexible 
material. The latter is easier to splice than the non-flexible cable, however, 
and jferhaps on this account is more frequently used by foreign designers, 
especially by the British. Non-flexible cable usually is made of nineteen 
individual strands. 

Flexible Cable. — Control wires, on account of having to pass over 
pulleys, usually are made of flexible cable which consists of seven strands 
of nineteen fine wires each, or 7 by 19 cable, as it is called. Although it 
may stretch slightly, as previously brought out, this point is not so im- 
portant in the case of the control wires, as they are never adjusted so 
tightly as the stay wires or other braces required to maintain the alignment 
of the plane. The end attachment used with flexible wire consists of a 
thimble around which the end of the cable is looped and afterwards spliced 
to the body section. In this case also adjustment is provided by means of 
a turnbuckle at one end of the wire. Inasmuch as the general methods 
of splicing are the same for either the flexible or non-flexible cables, this 
subject will be treated as a separate division. 
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Thiniblea, — ^These thimbles are shown by appropriate drawings. The 
sizes are indicated roughly by the following table: 


Size of Rope 

Thickness 
of Thimble 

Width 
of Eye 

Length 
of Eye 

Vic^Vaa 

0.075 

0.35 

0.70 

V. 

0.12 

0.35 

0.70 

v« 

0.17 

0.40 

0.80 

Vi. 

0.21 

0.50 

1.00 

v« ! 

0.24 

0.60 

1.20 

V. 

0.27 

0.70 

1.40 



0.30 

0.80 

1.60 

Vi« 

0.33 

0.90 

1.80 

Vh 1 

0.39 

1.00 

2.00 


Turnbuckles. — Detail dimensions of both short and long types are 
given in Fig. 77. The following main dimensions are recomemnded for 
immediate adoption : 

(With either two eye ends or one eye and one yoke end.) 


t 

Short 

Long 

Length of barrel 

2 

4 

Length between eyes: 


• 

With threads*; flUssh with ends of barrel 

4 

8 

With maximum extended 

4Vi« 

8Vi« 

With minimum extended 

3V4 

57* 

Strength (Lbs.) S. A. E. Numbers 

Short 

Long 

1 

500 

500 

2 

1000 

1,000 


1500 

1,500 

4 

2000 

2,000 

5 

2500 

2,500 

6 

3000 

3,000 


3500 

3, 5011 

8 


4,000 



4,500 

10 


5,000 

11 


6,000 

12 


7,000 



8,000 

14 


9,000 

15 


10,000 


Round Swaged Wire. — This type of wire is used quite generally for 
the internal bracing of wings and fuselages. Each brace or tie rod must 
be cut and finished to exactly the proper length, however, so that the 
material is not altogether suitable for miscellaneous or experimental uses, 
although it is quite good for quantity production where every piece is made 




tie rod are threaded, one 
crewed into clevis attach - 
le the threaded portion so 


Plate 17.— Various Tsrpes of Bracing Wires and Cables, Showing Splices and Connections Used in U. S. Army Practice. 
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that a small wrench can be used to turn it for tightening or adjustmen^i|^.i 
A small locknut is screwed on to each threaded end before it is insertedr^ 
in the clevis and after the proper adjustment has been obtained the lock- 
nuts are tightened. 

Experiments have shown that there is little or no difference in the 
strength of a stay w'ith either type of splice, as the cable will usually break 
either in the center of its length or else just at the end of the splice. With- 
out question the box type is the safer of the two, however, where there is 
any danger of the cable being twisted or exposed to heat intense enough to 
melt the solder in the splice ; as lap splices depend upon the solder for their 
strength more than the wire serving. 

Soldering and Serving. — While both box and roll splices are made 
stronger by soldering, this is not so necessary with the former as with the 
latter. Soldering is a requisite part of the plain lap splice, however, as 
previously explained. It is considered important that all splices in the con- 
trol wires near the gasoline tank, or in other places where they may be 
exposed to intense heat, be of the box type. In case of heat sufficient to 
melt out the solder, this form of splice would still continue to hold, where 
the roll type might not. 

Overheating and corrosion must be guarded against in all soldering 
operations on cables and splices. It is an easy matter to overheat and 
soften the wire, and as the softening takes place at a point where the wire 
is more or less weakened on account of being pulled loose in making the 
splice, it is all the more serious. Corrosion generally is due to the action 
of poor or unsuitable fluxes. The soldering of plain lap splices already has 
been described in connection with the making of the splice, soldering being 
an integral part of the operation. Cleanliness is of prime importance in all 
soldering operations. The soldering copper must be free of all foreign 
substances and well tinned, as dirt would almost certainly spoil the work. 
The parts to be soldered also must be clean. The soldering copper can 
be tinned by heating it to about 600 degrees fahrenheit and then dipping the 
point quickly into ammonium chloride (NII^ Cl) and granular tin or small 
ju'eces of solder. Another way is to prej)are a quantity of soldering flux and 
a small piece of solder, placing them in a depression in a piece of sheet tin; 
then after filing the copper until bright, heat it to 600 degrees fahrenheit 
and move it around in the solder and flux until it becomes coated *with 
molten solder, Avhen it will be ready to use. 

In all soldering operations in connection with airplane cables it is very 
important to use a non-oxidizing flux. No flux containing any oxidizing 
acid should ever be employed as a cleaning agent preparatory to soldering 
cable splices, especially on cables where its removal would be difficult, or 
where it might get in between the strands and attack" the metal. Solder- 
ing fluxes specified at the present time, and which are satisfactory on tinned 
wire, are stearic acid, stearic acid and rosin, or rosin dissolved in a suit- 
able solvent. Where an acid flux has been used, its corrosive effect often 
may be neutralized by the application of an alkaline solution, such as soda 
water. However, with stranded cable, where the acid may be driven into 
the interstices between the fine wires by the application of heat, it is ques- 
tionable whether any system of washing will eliminate or neutralize the 
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acid. Corrosion may therefore occur in the interior wires, while the ex- 
terior appears to be in good condition. 

Tests of Spliced Cables. — A considerable number of tests of spliced 
cables have been made from time to time, in order to determine the com- 
parative strength of the diflTerent types of splices and of the cables them- 
selves. It was noted that failures occurred in the splices in only a small 
proportion of the tests, and then usually in the lap splices. Where these 
were soldered, however, such failures as occurred in the splice took place 
at loads greatly in excess of the rated strength of the cable itself. For 
example a soldered lap splice 3/16 inch cable broke in the splice when a 
load of 4,7v30 pounds was applied, whereas the rated load of the cable was 
4,6CX) pounds. 


,' 0verhang no^ braced by wires 


Landing Wtres for Overhang, 



Fly mg xs b 

Wires For .A [ J- 

Overhang''' \L • 

Wing Skid'''' Flying^' 
Wires 


Inclined y 
Struts-'" 


'Wing Skid 
Wheel Landing Gear 



Straight y' 
Strut-'' 


Inclined Strut under'' 
Tension Flying under 
Compression when landing 


"'^Double Pontoon landing 
Gear of Seaplane 


Fig. 78. — Showing Arrangement of Bracing Wires on a Number of Airplanes of 

Different Design. 


Typical Wire Bracing Arrangements. — The arrangement of bracing 
wires on a number of biplanes of different design is given at Fig. 78, so that 
the student may determine the various kinds of bracing ordinarily used. 
The simplest construction is shown at A. In this, the overhang of the top 
plane is not braced by any wires and all of the strain produced by the lift 
while flying or the reverse load when landing must be taken entirely by the 
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wing spars. In the tractor biplane, shown at B, the overhang is braced by 
flying wires which extend from the bottom of the outside strut to the wing 
spars. The overhang is also braced by landing wires which are stretched 
over cabane struts on the top of the upper plane. In the tractor biplane, 
shown at C, the struts are inclined instead of being straight up and down 
as in the form shown at A and B. The difference in landing gear construc- 
tion and bracing can also be easily determined from these illustrations. 
Two-wheel landing gears of simple form are used on the planes shown at 
A and B, while a three-wheel landing gear of somewhat stronger construc- 
tion that also offers more resistance is shown at C. The seaplane shown 
.at D, Fig. 78, has the overhang braced by an inclined strut which is under 
tension while flying and under compression when landing. The arrange- 
ment of the drift wires which extend from the front of the fuselage to the 
wings is also apparent. It will be observed that the wings of the seaplane 
are set at a slight dihedral angle and that the pontoon landing gear must 
offer considerably more resistance than the simpler wheeled landing gears 
of the land machines, though in modern machines the under surface of the 
pontoons or floats are formed to secure some lift while in flight and careful 
streamlining of the section reduces parasitic resistance to a minimum. 


Airplane Dimensions and Characteristics 

• 

angle of stabilizer setting — The acute angle between the line of thrust of 
an airplane and the chord of the stabilizer. 

angle of wing setting — The acute angle between the plane of wing chord 
and the line of thrust. It may differ for each wing. 

decalage — The acute angle between the wdng chords of a biplane or multi- 
plane. 

gap— The distance between the planes of the chords of any two adjacent 
wings, measured along a line perpendicular to the chord of the upper 
wing at any designated point of its leading edge. Its symbol is G. 
(Fig. S3.) 

landing angle — The acute angle between the line of thrust of an airplane 
and the horizontal when the airplane is resting on level ground in its 
natural position. Also called “ground angle.” 

longitudinal dihedral angle — The difference in angle of wing setting* and 
of stabilizer setting. This angle is positi\e when the angle of stabi- 
lizer setting referred to the trust line, is less than the angle of wing 
setting. 

mean chord of a combination of wings — The ratio 

CiS,+c>S^,+C3S3+. . . . 


S1+S2+S3+ 

where Cj, Co, C 3 , etc., are the mean chords of various wings, and S,, So. 
S 3 , etc., are their areas. 

mean chord of a wing — The quotient obtained by dividing the wing area by 
the extreme dimension of the wing projection at right angles to the 
chord. 
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over-all length — The distance from the extreme front to the extreme rear 
of an aircraft, including the propeller and the tail unit, 
overhang — Used in two senses. (1) One-half of the difference in span 
of any two main supporting surfaces of an airplane. The overhang is 
positive when the upper of the two main supporting surfaces has the 
larger span. (2) The distance from the outer strut attachment to the 
tip of the wings. (Fig. 67.) 

span — The maximum distance measured parallel to the lateral axis from 
tip to tip of an airplane inclusive of ailerons, 
stagger — The amount of advance of the leading edge of an upper wing 
of a biplane, triplane, or multiplane over that of a lower, expressed- 
either as a ])ercentage of gaj) or in degrees of the angle whose tangent 
is the percentage just referred to. It is considered positive when the 
upper wing is forward and is measured from the leading edge of the 
upper wing along its chord to the ])oint of intersection of this chord 
with a line drawn perpendicular to the chord of the up])er wing at the 
leading edge of the lower wing, all lines being drawn in a ])lane paral- 
lel to the plane of symmetry. (Figs. S3 and 54.) 
sweep back — The acute angle between the lateral axis of an airplane and 
the projection of the axis of the wing on the plane which includes the 
lateral and longitudinal axes. (Fig. 70.) (The axis of a wing is a 
line through the centroids of the sections of the uiiig.) 
washin — Permanent warping of the wing which results in an increase in 
the angle of attack near the tip. 

washout — Permanent war])ing of a wing which results in a decrease in 
the angle of attack near the ti]). 

wing-dihedral or dihedral angle— I'hc acute angle between the transverse 
reference line in the wing surface and the lateral axis of the airplane 
l)rojectcd on a plane ])er]>cndicular to the longitudinal axis. The di- 
hedral angle is positiv^e when the upper obtuse angle for the two 
wings is less than 180 degrees. (Fig, 72.) 
wing loading — The gross w^eight of an airplane, fully loaded, divided by the 
area of the supporting surface. The area used in computing the wdng 
loading slnnild include ailerons but not the stabilizer or elevators. 


UUKSTIONS FOR RF.VIFW 

1. What is tlie effect uf "gap” variation in biplanes? 

2. What is "stagger” and how doe.s it inllueiice biplane wing lifting jiower? 

3. What is the most cfheient aerofoil plan form and why" 

4. What are the main edements of a wood and fabric airjilaiie wing? 

5. Why is "dope” used for coveiing fabric wings and how is it used" 

6. How is fabric attached to wing structure? 

7. Describe advantages and construction of metal airplane wings. 

8. What are the principal features of the Rohrbach metal wing construction? 

y. What loads must be resisted by airplane wing brace wires’^ How does mono- 
plane and biplane bracing differ? 

10. Describe “longitudinal dihedral” and tell how it differs from "lateral dihedral.” 
What is the influence of “dihedral”? 



CHAPTER VI 

AIRPLANE FUSELAGE AND LANDING GEAR CONSTRUCTION 

Early Wright Starting System — Catapult Launching Gear— Design of Fuselage 
Framework— Airplane Design Considerations— Reduction of Parasitic Resistance 
—Airplane Fuselage Forms— Complete Enclosure Important— Wood and Wire 
Truss Construction — Composite Fuselage Construction — Plywood Fuselage Details 
—Table IX, Strengths of Various Species of 3 Ply Panels— Table X, Tensile 
Strength of Pl)rwood and Veneer— Table XI, Thickness Factors for Veneer- 
Metal Fuselages — Duralumin — Properties of Duralumin — Preventing Corrosion of 
Metal — Properties of Steel for Fuselage Construction — How Co-incidence of Cen- 
ters is Obtained — Open vs. Closed Pilot’s Cockpits — Landing Gear Forms— Split 
Axle Landing Gears — ^Wheel Tread Depends on Spread— Brakes for Airplane 
Wheels— Balsa Wood Fairing — Woods for Airplane Parts — Metals Used in Air- 
planes — Table XII, Strengths of Various Materials— Table XIII, Transverse 
Strengths of Wooden Bars — Mass of Material to Construct an Airplane. 

When airplanes were first (lesif,me(l the type of construction followed 
was to use the wdng structure as a main framework which carried the avia- 
tor, the power plalit and the propulsive screws while control and stahilizing 
surfaces were carried by outriggers and tail booms and in a number of the 
early biplane designs the controlling surfaces were placed at both jront 
and rear of the wing structure. In the construction that was first followed 
in the Bleriot monoplane, shown at Fig. 79 C the power plant was carried 
at the front of the machine and was mounted in a framework or body which 
served to carry most of the weight, inasmuch as the tanks for fuel and the 
seat for the pilot tvcrc included in the fuselage. With the tractor mono- 
plane type of construction the control surfaces were carried at the back 
end of the machine and no control members w^ere placed at the front end. 
The advantages of this construction were so marked that the older form 
was discontinued and practically all machines of the single engine type 
wdiether of the single ])lanc or multiplane type, were designed on the early 
monoplane principle of having the wing sections attached to a fuselage 
which carried most of the weight and the control surfaces instead of* the 
type that olTered the most resistance in wdiich practically all of the weight 
Avas carried directly by the wing structure. 

Early Wright Starting System. — Two early biplanes arc shown at Fig. 
79. That at the top is the historic Wright creation with which the possi- 
bilities of mechanical flight were first demonstrated to an unbelieving 
scientific world. The type shown below' it is a Curtiss creation that did 
some wonderful work for the early days and which proved to be not only 
a very reliable type, but one in which the qualities of safety were best de- 
veloped. It will be observed that there Avas considerable difference in the 
design of these two pioneer forms. The Wright machine had its powder 
jilant carried on the loAver plane, and at one side of the seat occupied by 
the pilot, which was also on the loAver supporting surface. The drive was 
by chains to two large diameter, relatively slow speed pusher screws. In 
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the Curtiss machine the power plant was placed back of the aviator and 
mounted approximately in the center of the gap so that the propeller thrust 
came about half-way between the upper and lower wing surfaces. In this 
machine the power transmission system was very much simplified by hav- 
ing the propeller directly connected to the engine crankshaft and revolving 
it at engine speed. 

Another marked difference was in the method of securing lateral stabil- 
ity, as in the Wright machine the wing tips were made flexible, and it 
was possible to warp them so that the wing curvature at the tip and for a 



Fig. 79 A and B. — Two Early Biplanes, that at the Top Being the Historic Wright 
Machine which Demonstrated the Possibilities of Mechanical Flight. The Lower One 
is an Early Curtiss Machine of Remarkably Dependable Characteristics. 

certain distance toward the center was changed so that on the high wing 
one had a decreased curvature and a lessened lift, while on the low wing 
oneliad a more pronounced camber and a correspondingly increased lift- 
ing effect. In the Curtiss biplane lateral stability was secured by means 
of small auxiliary wings or ailerons attached to one of the wing spars and so 
connected to a shoulder yoke that the pilot could incline his body toward 
the high side of the machine and by so doing regulate the position of the 
aileron on the high side so as to give a depressing action, while that on 
the low side v/as tilted so that a lift on the under surface would give a 
greater lifting effort and consequent!}^ tend to right the machine. In both 
of the early biplanes shown, the elevator was in the form of a small biplane 
structure and was carried by outriggers at the front end of the machine. 
The vertical rudders by which the machines were steered from side to side 
were carried at the back in both types. 

The early type of Bleriot monoplane shown at Fig. 79 C had a wheeled 
landing gear and was a remarkably efficient and light airplane for its time 
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Balancing was by wing warping according to the Wright principles. The 
single surface aerofoil was of thin wing section so it had to he thoroughly 
braced by both flying and landing cables. This machine took off readily 
on its wheel gear and was easily maneuverable and fast. It won various 
competitions in this country, jiilotcd by Claude Grahame-White, an Eng- 
lish aviator and Earl Ovington, a pioneer American pilot. 

The most marked difference in which the tAvo pioneer types of biplanes 
differed and which had a material bearing on the design was in the matter 
of starting. The first early Wright machines used a system of launching 
the airplane which permitted it to rise in a preliminary run of a little less 
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than 75 feet, but it involved a rather elaborate launching mechanism, and 
if the airplane landed at a point remote from the launching gear it could 
not ascend again. The foreign designers and Curtiss in this country be- 
lieved that the wheel type landing gear would be the most practical even 
if it did involve a run of several hundred yards over the ground before 
sufficient flying speed was obtained to enable the airplane to rise in the air. 
The system originated by the Wrights is not used at the present time in 
connection with machines starting from inland flying fields, but is utilized 
in a modified and improved form for launching seaplanes from the decks 
of ships. Even the Wright Brothers soon changed their construction to a 
combined wheel and skid landing gear and took oflf from the ground l)y- 
the thrust of the proi)ellers alone. 

Early Wright Starting System. — The form of starting apparatus 
adopted by the Wrights on their first creation depended upon the rapid 
acceleration given by a heavy falling weight. The airplane was mounted 
on a small wheeled truck which ran on a track. A rope was attached to 
the truck and ran through sheaves and over a pulley, supported on a high 
tripod, and a heavy weight was attached to the rope, so that when it was 
released and fell, it would draw the small truck along the track and the 
airplane would be travelling at sufficiently high velocity by the time it 
reached the end of the track, so that the air under the wings and the re- 
volving air screws were delivering enough thrust to lift «the machine into 
the air. This was the original form of catapult landing gear which has 
been, greatly perfected by the U. S. Navy for launching airplanes from 
battleships. With this construction it is possible to use skids for an alight- 
ing gear which form part of the framework of the airplane. Another thing 
made possible by this method of launching was the fact that a smaller 
amount of surface and reduced engine power could secure flight. This type 
of construction was not encouraged because with wheels one is independent 
of starting platforms, rails, or catajnilt launching devices, and for this 
reason the wheel landing gear became universally applied and is now used 
on all land machines. 

One of the advantages brought up for the skids was that they acted as 
a brake and retarded the airplane movement after it touched the ground, 
whereas the wheel form did not enable the aviator to make a quick land- 
ing. •This resulted in a number of landing gear designs in which wheels 
and skids were combined, though these gears weighed more than the types 
in which the wheels alone were used. In the early Curtiss machines the 
motion was arrested by a sim])lc spoon brake actuated by the foot and 
working on the tire of the front wheel, this serving to arrest motion over 
the ground soon after the plane alighted and in recent machines we find 
this same principle applied to brake drums attached to the wheels which 
house internal expanding brake shoes. 

In the early Curtiss machines no shock absorbing means other than 
that provided by the resiliency of the tires was incorporated in the con- 
struction. In the firvSt Bleriot monoplanes, which were so efficient a flying 
machine that their construction is followed in many respects in the later 
types of planes, the two- wheel alighting gear was provided with shock 
absorbing means in the form of coil springs on the early machines, which 
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construction was afterward modified to use shock absorbers of rubber. 
A discussion of some of the modern type of alighting gears to follow will 
show how these gears have been simplified, strengthened and improved in 
action. 

Design of Fuselage Framework. — One of the disadvantages of either of 
the machines shown at Fig. 79 in which the power plant was placed either 
at the side or in back of the aviator, was that in event of a rough landing, 
which was much more common in the early days than it is at the present 
time, the aviators were very often fatally injured by having the power plant 
fall on top of them in nearly every smash. It w^as soon discovered that the 
'system of construction employed on the Bleriot monoplane had the marked 



Fig. 80. — Major Victor W. Page Seated in Rear Cockpit of Modern Tractor Biplane 
Showing Degree of Protection Offered and Space Available for Pilot. 

* 

advantage of making a machine "‘nose heavy'’ and that in most rough land- 
ings the position of the power plant was stich that it fell clear of the avia- 
tor in event of a smash which were frequent in the early days and that a 
considerable degree of protection was aflforded by the landing gear and 
supporting framework. 

One of the most important parts of the modern aipplane is the frame- 
work supporting the sustaining surfaces and employed to carry the greater 
part of the weight, such as the power plant and the useful load. The 
problem of building a fuselage or frame sufficiently light for use in air- 
planes where every ounce must be accounted for, while at the same time it 
would possess the strength and endurance essential for this work was not 
difficult of solution because light and strong materials were available that 
were particularly well adapted to airplane framework construction and 
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much of the engineering* data pertaining to bridge and truss structure 
could be depended on as a basis of computations in designing the airplane 
fuselage structure. 

The form of the machine has a material bearing upon the general lines 
of construction as will be evident I)y examination of the airplane types 
shown at Fig. 79 when compared to those of more modern design. In the 
modern construction the fuselage is the main member from which the sur- 
faces extend, and in the modern monoplane the fuselage may be compared 
to the body of a bird and the aerofoils to the wings. It was soon learned, 
as a result of the wind tunnel experiments, that air resistance was mater- 
ially less when the closed-iii fuselage frame was used instead of the open 
framework and outriggers provided in the early forms of biplanes. A 
reduction in air resistance made greater speed possible with the same power 
and reduced the supporting surface necessary to secure sustentation, or 
increased the load carried without a corresponding augmentation of wing 
area. 

Fundamental Design Considerations. — In designing any form of air- 
plane or component thereof the designer must have certain basic principles 
in mind. These were stated in the writer’s first treatise on aerial navigation 
published about seventeen years ago, and are still applicable to the design 
of modern forms. The following are principles which should be observed 
in designing or building airplanes. 

1. An airplane must have sufficient combined speed, power and plane 
area*to raise a useful load in addition to its own weight. The greater the 
amount of useful load lifted for a given engine power the greater the 
efficiency of the airplane. 

2. The greater the speed of flight the less the plane surface required 
and the smaller necessary angle of incidence of that plane for carrying the 
load. 

3. To counteract the resistance set up by the means of gaining mo- 
mentum while on the ground, which is additional to the resistance the 
machine will have when once it is clear of the ground: (a) extra power 
is required or (b) extra plane surface to meet the power available or (c) 
a better lifting effect for the plane area and power we have available or 
(d) an outside agency that will assist in launching the plane. Though 
extr*a power means more weight and extra supporting area means more 
resistance, the modern airplanes nearly always have a reserve of power, 
as it has not been possible to make any radical improvements in the present 
methods of construction. 

4. The supporting planes must always have sufficient area to permit 
a reasonable and therefore a safe landing speed, or means must be provided 
to secure the same effect if wing s))rcad is reduced. 

5. The shape, camber and angle of incidence to be employed depend 
upon the type of machine to be constructed and the means employed for 
obtaining lateral and longitudinal balance and stability. We have seen that 
a plane suitable for carrying heavy loads is not a form adapted for high- 
speed work. 

6. All parts of the machine should be constructed of as strong material 
as possible, and the design should be such that the part should create as little 
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of the Streamline Shape of the Fish. 

useless or parasitic resistance as possible. The general arrangement should 
be simple and the control should be easy of manipulation. 

7. The machine should be so designed that it will be inherently stable 
to some degree; it should have an ample margin of safety and as large a 
gliding angle as possible. 
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Reduction of Parasitic Resistance. — One of the important points in 
which the modern airplane has been improved has been in the elimination of 
parasitic resistance. This has been accomplished by a careful study of air 
resistance on bodies of various forms made in the wind tunnel. While the 
action of air around a streamline body has been previously shown, it may 
be well to review the definition of this form of body. As shown at Fig. 81 
A, a streamline body may be defined as one which when moving through 
a fluid or when a fluid is moving past it that does not cause a breaking up 
of the air stream nor produce any disturbance or eddy currents in its wake. 
It should be of such a form that the streamlines or air currents would be 
deflected in a gradual manner and which would merge in parallel streams 
at the rear of the body with practically no loss of energy. 

Tests that have been made with bodies of various forms in water which, 
of course, offers considerably more resistance to the movement of a body 
through it than the air does, have demonstrated that nature has worked 
out very efficient streamline shapes which were found incorporated in the 
various species of fish. If one will refer to the illustrations at Fig. 81 B, 
which show the side and bottom vicAvs of a very fast-swimming fish, the 
trout, it will be observed that it follows very closely an ideal streamline 
shape as shown at A. An important consideration in the design of stream- 
line form is in the fineness ratio. This is the ratio the total length bears to 
the greatest width. In the trout the length is from six to eight times the 
greatest width. Streamline bodies for use in air can be less fine than those 
intended to be forced through the water and at equal velocity. For ex- 
ample, the Zeppelin types of rigid airships had a fineness ratio of 5.8 as 
shown at A Fig. 82. In more recent designs of large aircraft of the 
dirigible type this fineness ratio has been reduced to 3.4 without reducing 
the aerodynamical properties and greatly increasing the strength of the 
internal framework structure. A fineness ratio of 3.4 means that the great- 
est diameter is such that the length has 3.4 times its value. 

Naturally, airplane designers plan the airplane fuselage with a view 
to approximating as nearly as possible and ideal streamline body which, 
however, had to be modified owing to structural considerations. The ideal 
shape for an airplane fuselage is that of a streamline body that has sufficient 
capacity to accommodate the engine, fuel tanks, aviators and the necessary 
accessories without being excessively wide. The fineness ratio of air- 
plane fuselages of present-day types is about seven to one in the average 
example. This means that the fuselage is about seven times as long as its 
width at the widest part. 

Airplane Fuselage Forms. — The airplane fuselage is made in two main 
forms. In that shown at Fig. 81 C we have what is called the ‘‘mon- 
ocoque” type and which has less resistance than any other form, and is 
therefore used on fast machines. In this the fuselage is approximately 
round in cross-section, its shape depending on the type of power plant em- 
ployed and the disposition of the power plant with auxiliary parts. Ex- 
periments have shown that at 60 miles an hour a true streamline body 
measuring 3 feet in diameter by 17 feet in length would have a resistance 
estimated at about 7 pounds. The usual airplane body resistance varies 
from 30 to 60 pounds at the same speed, and this is due to the structural 
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requirements in the airplane which called for radiators in an exposed posi- 
tion, wind deflectors and a departure from the true streamline form on ac- 
count of having to carry a pilot and a passenger. The fuselage at Fig, 
81 D shows the form of fuselage provided on practically all two-place 
machines. A fuselage of the single-seated "‘monocoque^’ type having a 
revolving motor in a rounded housing might have a resistance of about 30 
pounds. That of a two-place fuselage such as shown at Fig. 81 D might 
run up to 60 pounds. The greater resistance makes the form of fuselage 



Fig. 82.— Distribution of Surface Air Pressure over Airship Hulls in Motion. A — 
Zeppelin Rigid Dirigible Form. B — Shape of Gas Bag of Latest Airships. Note 
Influence of Fineness Ratio on Distribution of Surface Air Pressure. 


shown at D, a type that is adapted to moderate speed machines, while the 
monocoque body construction shown at C, due to its offering about half 
the resistance, is the type most suited to high-speed, single-seat planes. 

Complete Enclosure Important. — In the early days it was not thought 
necessary to enclose anything but the front part of the fuselage, as it was 
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:n framework at the back would be 
trated that there was a marked re- 
jwork of the fuselage was entirely 
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covered in with linen instead of only half covered. Early fuselage forms 
with the covering removed are shown at Fig. 83 and Fig. 84. It will be 
observed that this type of fuselage consists essentially of four longerons or 
longitudinal frame members of ash which are held apart by fuselage up- 
rights of ash or spruce and kept separated by compression members of 
corresponding form. These wooden spacing and bracing members are at- 
tached to metal fittings and the entire structure is braced by cross wires. 
At the front end of the fuselage, where the greatest load is carried, the 
bracing is with flexible cable, while at the back end, where the section of 
the fuselage is smaller and where the load carried is less, single-strand or 
piano-wire braces are all that is necessary. The front end of the fuselage 
terminates in a steel stamping or spider which not only serves to tie all 
of the longitudinal frame members together, but which serves also as a 
radiator support and an anchorage for the front end of the engine bed 
timbers. In the fuselage, the uprights at that point in the frame where 
the greatest stress comes are of substantial proportions. 



Fig. 84. — Showing a Truss Type Fuselage without the Covering and Illustrating the 
Methods Employed to Get Great Mechanical Strength with a Minimum of Weight by 

Using Wood and Wire. 

Wood and Wire Truss Construction. — The construction of a typical 
truss construction fuselage used on a wartime biplane and its relation to 
the rest of the structure is clearly outlined in Fig. 85. This is built-up of 
wooden longitudinals separated by vertical compression members and with 
diagonal braces at that portion where the gunner’s cockpit is situated. 
Plywood flooring is used. The engine support, as shown at B is built of 
steel tubing of cantilever beam form, being attached at the base to fittings 
on the front of the wooden fuselage. The view at B shows the fuselage 
completed by the installation of the ])ower plant unit, the center section to 
which the aerofoils are attached and the landing gear. The rear portion 
of the fuselage has been covered with fabric. In the view of the airplane 
structure at C, the control surfaces at the rear and the/ wing structure has 
been added. 

It will be apparent that in this construction, as in that shown at Fig. 
83, that considerable reliance is placed on the bracing effect of wire cables 
and metal fittings at the points of attachment of the various structural 
members. For convenience in design and erection the fuselage is divided 
into stations, these being numbered consecutively as shown at A. After 
the various longerons and spacing members secured together with metal 
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Fig. 85. — Diagrams Showing Steps in Assembling Biplane Using Wood and Wire 
Truss Type Fuselage. A — Fuselage Being Lined Up. B — Fuselage with Covering, 
Center Section, Landing Gear and Power Plant Installed. C — Airplane Practically 
Complete after Biplane Wing Cellules are Attached to Center Section. 


fittings and small through holts, the structure is trued-up hy adjusting the 
tension of the cross-bracing Avircs. ''fhis ])roccss will be described in 
proper place. The fuselage structure of a large bombing plane is shown 
at Fig. 86, and it will be apiiarent that the greater load it must carry is 
])rovided for by a much deeper section and the use of more vertical and 
diagonal bracing. Attention is directed to the complete system of wire 
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bracing, which makes the entire structure a truss of great strength in 
proportion to its weight. 

Composite Fuselage Construction. — ^A bulkhead and plywood skin con- 
struction has also been used for airplane fuselage construction and com- 
posite structures have been evolved in which the open truss and the ply- 
wood skin methods have been used together. The fuselage at Fig. 87 
shows a composite construction. The structure is composed of three sec- 
tions, the front being the largest and longest. As the front view indicates 
bulkheads or frames of laminated wood attached to longerons form the 
framework to which the plywood skin is attached. The intermediate sec- 
tion is of the truss form, while the tail section is also of the truss form 
covered with plywood. Steel fittings are used for securing the wing spars 
and landing gear struts to the fuselage. The various sections are held to- 
gether by reinforcing straps of metal and bolts passing through the long- 
erons and internal bracing wires take some of the load from the straps. 

Plywood Fuselage. — T*hwvood in fuselage construction may be used 
merely as covering, or as reinforcement for a truss that is designed to carry 
either the entire load or a large ])ortion of it as shown at Fig. 87. Or, if the 
fuselage is of the all-veneer ty])e, the plywood shell itself, strengthened by 
the longerons, carries all the load as in the form showm at Fig. 89. 

When ])lywood is used in conjunction with a fuselage truss it is im- 
portant that it sliV)uld not wrinkle or buckle. This tendency is more pro- 
nounced when the plywood has to lie fiat than when it is curved. To 
decrease wrinkling or similar distortion, the core of the i)lywood is made 
relatively thick, and of a lo^v density wood like poplar or basswood, W'hile 
the face plies are of thin mahogany or birch. In the first application of 
])lywood to fuselage trusses it served merely as a covering to replace linen. 
Any strengthening it afforded was incidental and was neglected in comput- 
ing the longerons and wires of the truss. This was of course uneconomical. 
In later designs the plywood was made slightly heavier and stiifer, and 
could therefore be depen(le<l upon hi carry shear stresses, to afford lateral 
sii])])ort to compression members, and to bind together and stiffen the 
entire truss. It w^as found that all diagonal bracing wdres could be omitted 
and the size of the longerons considerably decreased. The use of diagonal 
struts, running from the lower longeron at the jioints of attachment of the 
chassis struts and flying Avires, to distribute the stresses from these niem- 
bers to several points on the upi)er longeron, is advisable. The ease with 
which a fuselage of this character can be built, together wo'th its compara- 
tive lightness, makes it a close competitor of the ncAver, all-veneer body. 

One of the chief advantages of the latter ty])e is its high aerodynamic 
efficiency due to the excellent streamlining that can be obtained, and to the 
fact that changes in the attitude of a plane do not sensibly increase the re- 
sistance of such a faired body. In the veneer fuselage, the skin resists all 
the vertical and horizontal shear, and together with the hmgerons, it car- 
ries the bending moment produced by air loads on the tail surfaces or by 
dynamic loads. This second function determines that the grain of the 
face plies shall be longitudinal wdth respect to the axis of the body, and 
that of the core, transverse. 

Spruce plywood because of its lightness and stiffness has given excellent 
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results, particularly in designs of fairly good depth and moderate length. 
But for the fuselages of larger/ heavier planes, especially those which are 
relatively shallow or unusually long, a stronger wood such as elm or birch 
is better. In many instances a combination of elm faces and basswood 
core is most suitable. 



Fig. 86. — Comparing Two Different Types of Fuselage. A — Wood and Wire Truss 
Construction Employed on Large Bombing Planes. Note Numbering of Stations to 
Facilitate Assembly and Lining Up. B — Metal Tube Fuselage of Pitcairn Fleetwing 
Five Place Transport Biplane. 

Since the bending moment increases rapidly forward of the rear cock- 
pit, it has been found economical to use more plies in the part of the fusel- 
age extending from just aft of the rear cockpit forward to about the center 
of the engine section, than in the rear portion of the body. In a compara- 
tively heavy fuselage, for example, this rear section is usually of three-ply 
veneer and the critical section forward of the rear cockpit, of five-ply. The 
purpose of the heavy construction near the engine section is to resist the 
greit shearing stresses j)roduccd by the engine and fuel tanks. Where the 
outer plies become unnecessary they taper down to a feather edge. For 
smaller bodies the skin is three-ply at the critical section, and toward the 
rear two-ply. In this case fabric often is' used between the plies because 
of the greater toughness and stiffness that it imparts to the skin. 

With this general type of fuselage the skin is divided into four longi- 
tudinal sections, the top, bottom, and sides. These sections may in turn 
be spliced transversely at one or mure points. The chief function of the 
top and bottom portions of the skin is to resist bending moment, that of 
the side sections, to resist shearing stresses. The longitudinal sections 
join at the longerons to which the plywood is glued, and screwed or nailed. 
A scarf joint is considered superior to a butt joint, largely because it stands 
weathering better. In making transverse splices in the plywood it is the 
best practice to employ a long, glued scarf joint having a slope of approxi- 



Tentative Table of Strengths of Various Species of 3~F\y Panels. 

All plywood was 3 ply with the grain of successive phes at right angles. 

All plies in any one panel Avere of the same thickness and of the same species. Eight thicknesses of plywood 
ranging from 3/30" to 3/6" were tested. 
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•Parallel and perpendicular refer to the direction of the grain of the faces relative to the direction of the application of the force. 
fSpec. Gravity based on oven dry weight and volume at test. 



214 


MODERN AIRCRAET 


mately 1 to 25, which with 3/32 inch ])lywoo(], for example, forms a lap 
of about 2j/2 inches. Such a joint would usually be made at a bulkhead. 
The plywood skin is attached to a frame as shown at Fig. 88, which shows 
the structure on the assembling jig. 



Fig. 87. — Front and Longitudinal Views of Composite Fuselage Employed on DH 4 

Airplanes. 

The veneer or ])lyAvo()(l fuselage shown at i''ig. 80 was tested at McCook 
Field, iJayton, (_)hio and interestiiiL; conciusions were reached by the Army 
engineers making tlie tests. This fuselage, tested, without wing anchorage 
fittings, weighed U)3 ])ounds, as follows: 


Ijulklu-.'ifls 40 l])s. 

Lt)llJ^CT()IIS J5 11)S. 

Jncitlcntals ^4 1I)>. 

Skin ()4 Ihs. 


Total h)3 Ihs. 

The veneer covering had siiruce face plies with the grain longitudinal 
throughout and also had la\’ers cd cotton fabric between all ])lies. As in the 
previous type the skin was not the same throughout the whole fuselage, 
but varied from l/i(> inch for the first ])ly, then 1/24 inch thick for the 
second ply and 1/1() inch ])ly for tlw third layer. The rear s(‘ction was 
made of three ])]ies of 1/24 inch thick veneer. 44ie covering was fastened 
to the bulkheads and longerons with nails and CT‘rtus cold glue. 

There seems to be no doubt that veneer fuselages can be built for 
greater strength and a lighter weight than the standard wire truss type. 
They are an excellent ])roduction proposition, and would seem to merit 
wide adoption. It is a comparatively simple matter to obtain a good 
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streamline form in making: veneer type fuselages, whereas to accom])Iish 
the same results in a truss type would necessitate building up a considerable 
false fairing. Veneer type fuselages maintain their alignment automati- 
cally under any load short of that which would cause aI>solute failure. 
There are other minor advantages in veneer fuselages, some of which have 
been mentioned previously and need not be gone into again. 

The princi])le rcconiniendations made by the U. vS. Army engineers 
resulting from tests of the veneer ty])e fuselages arc as follows: 

(1) The veneer skin should be made with a large proportion of grain 
longitudinal and with the face ])lies of hardwood. 

TABLE X 


Strciif'th nf IMywood and Veneer. 
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8.5 
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Ash, Black 
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Beech 

120 
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.67 
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80 
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40 
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*Spcciric gravity based un oven dry weight and volume at test. 

tBased on total cross sectional area. 

ilBased on assumption that center ]dy carries no load. 

Data based on tests of three ply panels with all i)lies in any one panel same 
thickness and species. 
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TABLE XI 

Thickness Factors for Veneer. 

Giving: 

(a) Veneer thickness for same total bonding strength as birch. 

(b) Veneer thickness for same W’cigbt as birch. 
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Av. Sp. Gravit\' of species 
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♦Specific gravity based on oven-dry weight and volume at test. 



FUSELAGE AND LANDING GEAR CONSTRUCTION 


217 


(2) The use of real longerons is sound. 

(3) The stiffening of the skin of a veneer fuselage with the usual dis- 
position of bulkheads is not at all difficult. Excessively strong bulkheads 
are not required. 

(4) When properly stiffened by bulkheads, the under side of the skin 
has a decided compression value, consequently it is not necessary to use ex- 
cessively strong lower longerons. 
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(5) The skin is considerably strengthened by the use of cotton sheet- 
ing between the plies. 

(6) Care should be exercised to sec that the joints or splices in the 
skin do not come at points of great stress. 

(7) The upper longerons should be strengthened at cutouts such as the 
cockpits. 

(8) Bulkheads should be so designed that they will stand up well under 
local reactions and bending moment applied by the lift wires. 

(9) Very careful manufacture should be maintained, in order to insure 
good uniform results. 



Fig. 88. — Bulkheads and Longerons of Veneer Fuselage Assembled in Jig for Applica- 
tion of Veneer Skin Covering. 
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Metal Fuselages. — The use of metal in fuselage construction is by no 
means a recent development as considcral)le application was made of alloy 
steel and duralumin tubes in wartime planes. The Brequet observation 
plane had a fuselage structure largely made up of tubing. When alloy 
steel tubing is used in connection with steel fittings in fuselage construc- 
tion, the designer is given considerable choice of fastening means as the 
parts may be joined together by si)eltcr by dip or flame brazing or the 
autogenous flame welding ju'oeess may be employed. When duralumin 
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Fig. 89. — Top and Front Views of Veneer Fuselage Showing Important Structural 

Parts. 


tubing is used, the ordinary s])eUer brazing is not ])rnctical owing to the 
degree of heat rccjuircd so welding is resorted to in eases w here mechanical 
fastenings, such as bolts and ri\ets or clamps cannot be used. Brazed 
joints should be carefully heat treated to insure against internal strains 
being j^resent in the metal due to uneven ex])ansion and contraction. With 
the autogenous welding flame, considerable care is reejuired blit not as 
much as when spelter brazing because the welding flame is small and heat 
is localized more than in brazing. All-metal fuselages have been made that 
compare very favorably with wood or composite construction and some 
have been made that weigh less than a wood fuselage of etpial strength. 

The front part of the Wriglit Ai)ache ])lane fuselage used by the U. S. 
Navy shows how tubing can be used instead of wood for longerons and 
compression members or braces as well as struts. Tubing has the advan- 
tage over wood of having great tensile strength as well as high resistance 
to compression so bracing wires are not necessary when tubes of adequate 
diameter are used, as the members are ada]>ted to resist ])oth compressive 
stress and loads tending to elongate them. The method of joining the tubes 
is by welding to fittings x\n excellent example is the fuselage of the Pit- 
cairn Fleetwing, a five place transport airplane, which is shown at Fig. 86 
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B. In order to save weight, however, it has been found that small di- 
ameter tubing supplemented by bracing wires is stronger than heavier, 
larger diameter tubing without them so metal fuselages are usually made 
as shown in illustration. The front part, from the jii lot’s seat forward is 
made of large diameter tubing without the bracing effect of tensioned 
cables and that portion of the structure back of the pilot’s seat is of the 
truss conslructicni with smaller diameter tubing and bracing wires. The 
fuselage is then faired with fabric, and the cocki)it is well padded around 
the side and at the headrest, as shown at Fig. 91. 



Fig. 90. — Front View of Wright-Apache Airplane Fuselage Showing Use of Metal 
Tubing for all Important Structural Members, also Depicting Location of Pilot's Scat 
and Control Stick, Placing of which Radial Cylinder Motor is Attached. 

Duralumin. — ^This metal, so widely employed in aircraft construction 
is an aluminum alloy that fills a demand for a metal having the lightness 
of aluminum with strength and toughness usually associated only with 
ferrous metals. 

Duralumin was first made in Germany and w^as developed by A. Wilm 
and associates during the years 1903 to 1914. The princii)al and unusual 
feature of this alloy is that after it has been hot, or hot and cold, worked, 
it can be strengthened and toughened further from 40 to 50 per cent by 
heat-treatment. This heal-treatment is somewhat analogous to that of the 
heat-treating alloy-steels, and consists of rpienching from temperatures 
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below its melting point, followed by an aging process. The increased 
physical properties are not all produced immediately on quenching, but in- 
crease during the subsequent aging. In addition to being made in Ger- 
many, the manufacture of duralumin was taken up in England by Vickers, 
Ltd., prior to the late war. During that conflict its use for structural pur- 
poses in connection with aviation brought the material before the eyes of 
the engineering world. Today duralumin is recognized as occupying the 
same relative position to ordinary sheet or bar aluminum that heat-treated 
alloy-steel does to ordinary carbon-steel. 

Duralumin is an aluminum alloy containing copper, manganese and 
magnesium. Its strength and toughness are comparable with those of mild 
steel, and are obtained with a specific gravity of 2.81 as against 7.80 for 
steel. The melting-point is approximately 655 degrees centigrade (1,211 
degrees fahrenheit), the recalescencc-point is 520 degrees centigrade (968 
degrees fahrenheit), the annealing temperature is approximately 360 de- 
grees centigrade (680 degrees fahrenheit) and the coefficient of expansion 
is 0.0000225 per degree of temperature centigrade (1.8 degrees fahrenheit). 
The chemical composition of the alloy varies within the following limits: 
copper, 3 to 5 per cent; magnesium, 0.3 to 0.6 per cent; manganese, 0.4 to 
1.0 per cent; and the remainder is aluminum plus impurities. Small quan- 
tities of other metals are added sometimes for certain specific reavsons. For 
instance, chromium can be added to increase the burnis'hing qualities of 
the metal. 

The relative modulus of elasticity of duralumin is about one-third that 
of steel. The Bureau of Standards gives its value as being between 10,- 
000,000 and 11,000,000 pounds per s([uare inch. Steel is quoted generally 
as having a modulus of elasticity of 29,000,000 pounds per square inch. 

In duralumin forgings where the sections are heavy, it is advisable to 
lower the minimum tensile-strength requirements to 50,000 pounds per 
square inch; a proportional increase in elongation will be found. Dur- 
alumin is unaffected by mercury, is non-magnetic, withstands atmospheric 
influences and offers a remarkable resistance to sea and fresh waters if 
properly protected. It does not tarnish in the presence of sulphureted 
hydrogen; and it takes a i)olish equal to nickel-plating and remains bright 
without cleaning longer than any plated or silvered article. It is the ideal 
substitute for aluminum, German silver, brass, copper, nickel-plated and 
silvered articles, and is the only substitute for steel where lightness com- 
bined with the strength of that metal is required. It is the only light metal 
that can replace steel in forgings, with a two-thirds saving in weight. Heat- 
treated duralumin forgings approximate mild-steel forgings in strength. 
Wherever weight is a deciding factor, duralumin is the most satisfactory 
metal for most shapes made by hot-working or forging. Naturally, dur- 
alumin forgings are especially desirable for reciprocating or moving parts 
where inertia, due to their own weight, forms a large part .of the total 
stress. Duralumin machines and polishes very easily and, as it does not 
rust or corrode, it can be used in many places where weight is not the 
prime essential. 

The manufacture of duralumin is somewhat analogous to that of steel 
and, in brief, is as follows: 
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(1) Manufacture of the alloy from its aluminum base 

(2) Casting the ingot 

(3) Hot-rolling or cogging in blooms, billets or slabs 

(4) Hot or cold-working to final shape 

(5) Heat-treating. 

Properties of Duralumin. — Annealed duralumin can be heat-treated and 
the maximum physical properties obtained, no matter what the shape or 
form to which the metal may be reduced. Conversely, heat-treated dur- 
alumin can be annealed. 

Duralumin can be cold-worked after heat-treatment and aging. This 
operation produces a hard, smooth finish and materially increases the 
tensile-strength will increase from 6,00Q to 10,000 pounds per square inch 
over that of the heat-treated metal, but the elongation may drop as low as 
3 or 4 per cent. 



Fig. 91. — Typical Open Cockpit of Airplane Fuselage, Showing Protection Afforded 
Pilot by Windshield and Padding around Cockpit and on Headrest Fairing Piece. 


In the annealed form it can be drawn, spun, stain ])ed or formed into a 
great variety of shapes, as is the case of brass and mild steel. The physical 
properties in this state average as follows : 


Ultimate Tensile-Strciifj^th, lb. per s<i. in., 25,000 to .?5,000 
EIoiiRation in 2 In., per cent, 10 to 14 

Brinell Hardness 54 to 60 

Scleroscopc Hardness 9 to 12 


Duralumin in its heat-treated form can be slightly shaped or formed 
and can be bent cold to 180 degrees over a mandrel four times the thickness 
of the sheet. Its remarkable tensile-strength is here combined with its 
maximum elongation as follows: 


Ultimate Tensile-Strength, lb. i)er s<i. in., 
Yield-Point, lb. per sq. in., 

Elongation in 2 In., per cent, 

Brinell Hardness, 

Scleroscope Hardness, 


55.000 to 62,000 

30.000 tu 36,000 
18 to 25 

93 to 100 
23 to 27 
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Sectional Views of Monoplanes that have Crossed Atlantic Ocean Showing Internal Arrangement. At Top — Plane Used by Lindbergh. 

Below it is Shown Bellanca Monoplane Used by Chamberlain and Levine. 
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Heat-treated diiralumiii fort>-ings have similar physical properties. 
Heat-treated and hard-rolled duralumin is used where no bending or form- 
ing is recpiired. It is a very hard, strong, springy metal in this state and 
machines or polishes beautifully. Its physical properties in this form aver- 
age as follows; 


Ultiniale 'Pensilc-StrenRlli, lb. per sq. in., 
Yield-Point, lb. ]K*r s(|. in., 

FJonpalion in 2 In., jxt cent, 

Rrincll Hardne.ss, 

Sclero.scope Hardness, 


67.000 to 72,000 

55.000 to 65,000 
3 to 8 

130 to 140 
37 to 42 


Preventing Corrosion of Metal. — Corrosion of duralumin has been com- 
pared with rusting in steel and must be taken care of by protective coat- 
ings. These may be ai)i)lie(l by i)ainting or electrolytic treatments. Some 
insulating material must be interposed between the duralumin surface and 
the corroding elements. Lionoil, manufactured by Berry Brothers of De- 
troit, is an anti-rust material t)roduced through treatment at high tempera- 
ture of a combination of several oils. Its preserving action for all metals 
is such that a ]K)lishcd iron-jilate covered in part ith Lionoil and exposed 
to dampness does not show any alteration in the protected part after being 
in contact with damp ground or damp air f(W a long time, whereas, the part 
not covered with Lionoil becomes entirely rusty. Rei)ealcd tests under all 
forms have given the best results even subject to the action of acids and 
to that of certain alkaloids. * 

It is especially in a\ iation that Lionoil has ])laycd an extremely im- 
portant part. Duralumin may, at the ])resent time, be efiiciently ])rotected 
against the harmful influences of dampness, of sea water, and even of acids. 

The first tests carried out at the Naval Kslablishment of Saint-Raphael, 
in France have enabled one to appreciate the non-protected samples of 
duralumin (juickly deteriorated, Avhereas those protected by the ordinary 
methods resisted longer, and that those treated with Lionoil were abso- 
lutely intact. TJonoil is at)plied with great facility, either with a brush or 
by means of dii)ping or sjiraying i)rocesses or any other method according 
to the importance and i)ossibilities of upkeep of the part to be protected. 
It flows very easily and covers about 6(X) sejuare feet of smooth and dry 
surface per gallon. Once a])]die(l, it is trans])arent, extremely durable and 
gradually becomes harder and harder, and after drying it may receive any 
l)aint whatsoever, to which it imparts great durability. “Lionoil Clear” 
is said to be used by many of the leading’ constructors, both for land and 
sea machines, as the only dope which absolutely protects duralumin and 
renders both wood and fabric waterj)roof with a thickness of 1/100 of 
a millimeter per coat. 

Properties of Steel for Fuselage Construction. — Steel is used in many 
])arts of the airplane fuselage and while there has been a wide range of 
ferrous alloys to choose from, engineers have felt that most useful purposes 
would be served by concentrating on the use of a relatively small number 
of alloys. The ])ro])crties of steel tubing, compared to those of duralumin, 
as recommended by the S. A. E. are such that practically all needs may l)e 
met without radical departure from the strength values given. 
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The adoption of specific strength values for structural materials filled 
a long-felt want of the designer and eliminated many points of controversy 
that have always existed between dilTerent schools of metallurgists and de- 
signers. These values are summarized below, all values being in pounds 
per square inch: 


Cold Rolled Medium Carbon Steel (SAE 1025) 


55.000 Tensile strength 

30.000 Yield point 

90.000 Bearing strength (except hinges) 

60.000 Bearing strength for hinges and where 

subjected to stress reversals 

55.000 Compression strength 

35.000 Shearing strength 


Heat Treated Duralumin (17ST) 


Sheet 


Bar 


55,000 


30.000 

75.000 

( 27,000 (ahv. 1/16" 
( 20,000 (bel. 1/16" 


( 55,000 diam. and below) 

J 50,000 (above •)4" diani.) 

( 30,000 diam. and below) 

( 25,000 (above •)4" diam.) 
75,000 


thick) 

thick) 


30,000 


Tubing 

55.000 tensile str. 

30.000 yield point 
75,000* bearing str. 

27.000 shearing sir. 


Chrome Molybdenum Steel Tubing (as received) 


95.000 Tensile strength 

60.000 Yield point 

80.000 Tension near wTlds 

50.000 .Shear near welds 

(' )0, 000 .S h ea r II n wx‘ 1 f 1 e (I 

125.000 Bearing, near welds 

140. 000 Bearing, unwelded 


Heat Treated Alloy Steels 

(Chrome Molybdenum, chrome \anadium, 3J^4% Nickel S.A.K. 2330) 


Ultimate 

Yield 

Tension 

Point 

100,000 

80,000 

125,000 

105,000 

150,000 

125,000 

180,000 

140,000 


Bearing 

Shearing 

Strength 

Strength 

140,000 

65,000 

175,000 

80.000 

190,000 

100,000 

200,000 

115,000 


The bearing strength to be reduced to 125,000 near welds. 


The steel work of a fn.selage, especially fittings, being highly stressed, it 
is especially necessary to protect it against salt water corrosion when used 
in seaplanes. The development of the Navy practice may be of interest at 
this place. At the start of the war aircraft fittings were copper plated and 
in some instances the copper plating was covered by nickel plating. If the 
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Fig. 92 . — Diagrams Showing Simple Method of Weight- Distribution in Airplane 

Design. 

plating became scratched or abraded, moisture and air were admitted and 
very rapid corrosion would ensue, the iron being electro-positive to the 
copper or nickel and thus forming a primary battery. 

Recognizing the fact that zinc is a metal that is strongly electro-positive 
to iron it was decided to eliminate copper and nickel plating and to use in 
place thereof galvanized coatings produced either by the hot dip, electro- 
galvanizing or sherardizing processes. Metal thus treated, even when 
abraded, is protected from corrosion because of the strong electro-positive 
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nature of the zinc, which has a hij^^h protective influence upon any adjacent 
areas of steel that may be uncoated or scratched. Since the hot dip process 
operates at a hig^h temi)eraturc, approximately 375 to 475 degrees centi- 
grade, it might injuriously affect certain tyi)es of heat-treated steel alloys 
and the electro-galvanizing method is used wherever possible and is re- 
quired for all alloy steels. Corrosive influences are also at \vork on land 
planes and proper ju-otection of metal members by surface coatings is 
equally important. 



Fig. 93. — Travel Air- Whirlwind Cabin Monoplane Showing Enclosed Cockpit for 
Pilot, Use of Struts for Monoplane Aerofoil Bracing and Split A'xle Landing Gear. 


Hefw Coincidence of Centers Is Obtained. — An important point in the 
design of the airplane fuselage is the ])ro])er distribution of weighty ])arts 
and location of su])porting surfaces to secure a ])ro])er coincidence of the 
imjHmtant centers of gravity and ])ressure. The subjc'ct is covered in a very 
able manner by B. Russell Shaw, writing in Aviation and Aeronautical 
Engineering, who calls attention to some points in airplane design worthy 
of mention. 

A procedure often im])roperly followed in designing an airplane is the 
correct balancing of the component parts and giving them the correct 
relation with the center of ])ressurc. 

Some designers draw the com])lete machine, locate the center of i)res- 
sure and center of gravity, then give them the correct relation by shifting 
such weights as the ])ilot and ])assenger or the gasoline tank. This method 
is very poor, inasmuch as it does not allow the body struts and ties to be 
attached at the ])roper ])laces. The gasoline tank should be given as nearly 
neutral position as i)ossiblc, and not shifted. 

The scats should not be moved, for once a ])roper and comfortable ar- 
rangement is reachecl that arrangement should remain, as any moving from 
this point may cause cramping in an unnatural i)osition. The body should 
be laid out complete, taking into coinsideration the range of vision of the 
pilot. If he is to be placed in front, as in some European machines, then 
the gunner in the rear seat must have ample room for action. It is some- 
times an advantage to have two seats, one above the other, so that the top 
one may be folded up allowing him to sit almost on the floor of the body for 
observation, camera work or l)omb dro]n.dng through a door in the floor. 

The center of gravity of the entire body assembly is found by a very 
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simple method shown in Fig. 92. The weights of the component parts are 
multiplied by their respective distances. 


AAi + BBi + CCi + DDj + EE^ + FE, + GG^ etc., 


W 


The first distance A is anything desired. W == the total weight of all 
component ])arts in the body asscm])ly. 

After this is done the wings should be considered. They should be 
drawn upon a separate sheet and the resulting C.l\ and C.G. determined, 
allowance being made for the extra efficiency of the upper plane affecting 
the combined location of the C.P. 



Fig. 94.- -The Relative Positions of the Center of Gravity and Point of Wheel Contact 

with the Ground. 


The wings are then i)laccd on the body and shifted until the desired 
relations of C.P. and C.G. are obtained. This will a]>i)ly to a neutral tail 
setting. If a j)osilive or negative tail is used, the forces actuated by it must 
he taken into account. The resulting forces caused hy tlic leverage be- 
tween the C.P. or Ky and the C.G. or W, as well as those betAveen the lines 
of thrust and resistance, iiunst be gone into very carefully when setting the 
tail idanc so that the proper degree of longitudinal stability may be ob- 
tained. 

Open or Closed Pilot’s Cockpit.— Mr. Louis G. Mcister, in a pa])cr read 
before the S. A. E., discusses this sul)jcct from the ])oint of view gained 
l)y much practical flying under all conditions. He says: 

'Tn the first Air Service transport airjdaiie, the Glenn Martin Trans- 
port, the pilot Avas enclosed in the cabin, but later designs such as the 
L. W. F., made l)y the Lewis, Willard, P'owlcr Co., and the ])rcscnt stand- 
ard Douglas Transport have the pilots cock])it ojfcn and niciely use a 
windshield for protection. Tlie ])rcseiit Stout all-metal monoplanes used 
by the Ford air-lines also have the ])ilot s cock])it ujien. 1 he ])refcience 
of the pilots is for the open cockpit, and T believe that the larger com- 
mercial airplanes will keep the pilot in the open. Ihc snicdlei pri\atcly 
owned airplane may prove satisfactory Avith the enclosed cockpit, pro- 
vided the visil)ility is sufficient. The cleanness and the sociability provided 
by the enclosed cockpit, also the absence of heavy cumbersome flying- 
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clothes and goggles, are ideal if flying conditions always were ideal; but 
a fogged windshield might prove disastrous and, in cross-country flying, 
storms are bound to be encountered. Celluloid or pyralin is easily dis- 
colored and is not, in heavy gages, sufficiently transparent for clear vision. 
Safety-glass panels are strong enough but are exceedingly heavy and have 
a certain amount of diffraction which troubles a pilot when landing. 

The enclosed cabin has an added advantage of comfort in winter flying 
as it is possible to heat the cabin, although this should not be done by the 
exhaust-manifolds directly but by the air circulating around the exhaust- 
manifold and drawn in through stoves. To heat directly by the exhaust 
gases would constitute too great fire hazard. An enclosed cabin con- 
structed so that the pilot can be partitioned off in stormy weather and can 
open the window to increase visibility without subjecting the passengers 
to any discomforts would be the ideal solution of the smaller type privately 
owned airplane.” 



Fig. 95. — Curtiss Hawk Model P I-B, a Modern Biplane Design Having Split Axle 
Landing Gear. This Airplane is Powered with a Twelve Cylinder V Engine of the 
Water-cooled Type. Note Location of Radiator at Front below Motor and Effective 
Streamlining, even to Interplane Struts and Bracing Wires to Reduce Parasitic 

Resistance. 


The illustration at Fig. 93 shows a Travel Air-Whirlwind cabin mono- 
plane with complete enclosure for the pilot and passengers. It also shows 
an efficient system of monoplane wing bracing and a landing gear of the 
split axle type. 

Landing Gear Forms, — One of the most important j^roblems in connection 
with airplane design is in the selection of the best type of landing gear. 
As will be seen by reference to Fig. 94, the important consideration is to 
provide sufficient ground clearance so that there will be no danger of hitting 
the ground with a propeller when making a tail high landing. The tread 
or track must be sufficient so that the machine will be stable when running 
on the ground. At the same time the tread should not be so great that 
the machine will be turned around by one wheel striking a soft spot or an 
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obstruction in the ground when landing. The point of contact of the 
wheels with the ground must be so arranged in respect to the center of 
gravity of the machine that there will be no tendency for the machine to 
nose over when making a moderately tail high landing. 

As will be seen at Fig. 94, a line drawn from the center of gravity to 
the ground when the machine is in its normal flying position should come 
well back of the point of contact of the landing gear wheels and the 
ground. This will result in the machine coming to rest with the tail skid 
on the ground instead of with the tail up in the air and the machine on its 
nose as will result from carrying the center of gravity or moving the axle 
so that the line W would coincide with the axle or touch the ground at a 



Shock absorbers^^^^^^^^ ^ Detail of Main Plane Htnge of A 


Fig. 96. — Landing Gear of Heavy Bombing Plane Showing Use of Four Wheels, Each 
Having its Own Shock Absorber to Carry the Load. 

point ahead of where the wheel tires rest on the ground. With the ordi- 
nary form of rubber shock absorber an axle movement of four to six inches 
is provided, and this means that under normal conditions when the ma- 
chine is standing on the ground and the shock absorbers are not extended, 
the distance should be at least one foot, which will give a clearance of 
about half that if the shock absorber rubbers are stretched to the limit. 

Split Axle Landing Gears. — Landing gears are now almost universally 
of the split axle type, as shown in Figs. 93 and 95, which makes landings in 
plowed or furrowed fields safer and allows the plane to pass readily over 
rocks, stumps and other obstacles which would damage an airplane using 
a straight axle. The latest shock absorbers are of the rubber-disc type, 
such as is shown in Fig. 97. They require no maintenance and eliminate 
the trouble of re-wrapping shock absorbers, which is necessary periodically 
with the old-type elastic shock absorber cord, but many airplanes are still 
equipped with cord shock absorbers. 
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Wheel Tread Depends on Spread.^ — The ordinary tread or distance be- 
tween the wheels depends on the size and weight of the machine and the 
wing spread. Naturally, the greater the spread the wider apart the wheels 
must be. On machines having a spread in excess of 50 feet it sometimes is 
the practice to provide two independent landing gears which may be spaced 
as much as 12 feet apart. This arrangement is clearly shown at Fig. 96, 
which shows the design used on a large wartime bombing ])lane. Tires 
on large planes nia}^ l)e 40 inches in diameter l^y 10 inches in width and 
even larger ones have been made. Some early airplanes had the landing 
gear of the skid form having the skids separated by 10 or 12 feet and having 
a short axle carrying two wlicels which are 16 to 18 inches apart straddling 
the skid. Distance ineinl)ers are jnovided so that the wheels will track 
l)roperly and the usual form of shock al)sor])er cal)le is wound around the 



Fig. 97.— Landing Gear of Buhl-Verville Airster Showing Split Axle Feature, Novel 
Shock Absorbers and Sauzedde Wheel Brakes. 

axle and skid. The tread of the average tractor biplane ranging from 40 
to 50 feet s])read A\ill ])e about 0 to 8 feet. An enii)irical figure liased on 
average ])ractice would give a wlieel track of alnnit one-seveiith the effective 
wing span though this may be greatly departed from in some instances. 

Another factor that regulates the height of the landing gear besides that 
of propeller clearance is the maximum angle of incidence it is desired to 
attain or have the wings inclined at when the tail skid is resting on the 
ground. In order to obtain a short run -after the machine lands, it is 
common practice to make a tail low landing and have the wings at an angle 
of incidence of 15 or 16 degrees. This, of course, would call for a very short 
tail skid if the landing gear was ot moderate height or a higher landing 
gear if a really efficient tail skid was desired. 
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Brakes for Airplane Wheels. — Quick stopping is also a safely feature, 
and several of the latest types of commercial airplane are equipped with 
brakes. These include the Buhl-Verville, the landing gear of which is 
shown at Fig. 97, the Stinson; the Travel-Air; the Ford three-engine; and 
the Fokker airplanes. Besides shortening the length of roll when landing, 
they also aid in taxiing in high winds and eliminate the use of chocks under 
the wheels while warming up, as well as the hazard incurred in removing 
the chocks from under a whirling propeller. An airplane equipped with 



Fig. 98. — Sauzedde Airplane Wheel with Drop Center Rim and Drum for Internal 

Brake. 

brakes is strictly a one-man vehicle. The most modern design of airplane 
brake is the Sauzedde, manufactured l)y the Sauzedde Corporation, Detroit. 
This consists of a wire wheel with three rows of offset spokes, a drop- 
center rim and the brake-drum streamlined into the wheel as showm at Fig. 
98. The entire assembly weighs (>]:/ pounds more per wheel in the 30 x 5- 
inch wheel size than it does without brake ecjuipment. The present use of 
brakes on air])lanes is a resurrection of the old French practice wdiich w^as 
abandoned in favor of the tail skid brake on account of lightness ; but heavy 
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Airplane with SimpleTwo Wheel Landing 6ear 
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Fig. 99.— Four Types of Landing Gears Showing the Various Designs Employed. 


airplanes cut up the airdromes and fields with their tail skids. Modern air- 
planes eventually will be equip])ed with a caster-mounted steerable-wheel 
instead of a tail skid, and an airplane so equipped can readily land on the 
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fairway of a golf course without plowing any furrows. A wheel will also 
eliminate the drag of the tail skid and give quicker acceleration in taking- 
off. The use of brakes may make the present tail skid obsolete. 

A number of types of landing gears that have been used are shown at 
Fig. 99. That at A is a conventional two wheel form, while at B a com- 
bined skid and wheel landing gear is shown. To prevent nosing over, on 
some training machines a three wheel alighting gear was sometimes pro- 
vided, as shown at Fig. 99 C. The disadvantage of the three wheel land- 
ing gear is that it is a more complicated form than the two wheel gear 
which is so clearly shown and also that it offers more resistance when the 
machine is in flight. The machine shown at Fig. 99 D was an unconven- 
tional machine of the pusher screAv type which has four wheels, as indi- 
cated. The disadvantage of the three and four wheel types is that the front 



Fig. 100. — Showing Wheel, Axle, and Shock Absorber Parts of Landing Gear Suitable 

for Medium Weight Airplane. 

wheels sometimes take the full force of the landing, and as they are not as 
large or braced as securely as the main wheels the landing gear may be 
damaged under landing conditions that would not materially affect a two 
wheel landing gear. 

Airplanes designed to rise from and alight on the' water have support- 
ing gears adapted for that medium. The simplest form is the pontoon type 
which is shown at Fig. 104 A. The form shown at 13 employs a main float 
of the single step hydroplane form. The type outlined at Fig. 104 C is 
known as a flying boat because the sui)porling wdngs and control surfaces 
are attached to what may be considered a regular boat hull. 

When an airplane is intended to land and take-off from a flying field 
or alight on and rise from the water, it is known as an ‘'amphibian.’' An 
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example of this combination construction is shown at Fig. 105 which 
shows the Loening design. As will be apparent from the sketch, the land- 
ing wheels are carried clear of the hull and well below it when in use. 
Mechanism controlled by the jhlot makes it i)()ssible to withdraw the 
wheels into si)aces made to receive them in the hull and greatly reduce 
resistance while in ilij:;ht or when alighting on water. 

Balsa Wood Fairing. — Numerous tests ha\e proven conclusively that 
Balsa wood, a little-known variety in this country, can be employed suc- 
cessfully as fairing on steel tulles, thus releasing a certain amount of spruce 
for other parts Avhere combined strength ami light weight arc vital factors. 
Balsa wood even has some factors of su])eriority over spruce for fairing. 


I A 6 HAGSTROM NY 


FuSQlotge Suppor-t Siruis.^ 


Wheel 

Tfre^ 



Shock Absorber Rubber^’' ' 


Fig. 101. — Landing Gear Parts for Heavy Machine. 


Raisa is a common second-growth tree in Central America and the 
West Indies, and it also grows well in the Tropics of South America, al- 
though not commercially obtainable there at the ])resent time. 

While P>alsa wood is not as sln)ng as s])rnce. it nevertheless i)osscsses 
comparative!}^ great strength. It is much lighter than spruce and can 
therefore l)e used in certain ])laces Avhere strength is not a vital factor. 
Tw^o of its interesting i)ro]iertics are flexibility and great elasticity. Rela- 
tively few tests have l^ecn made on the mechanical pro])ertics of Raisa, but 
such tests as have been made, indicate an ultimate strength in comj)ression 
and bending ecjual to about half of a fair qualiCv of spruce; namely, 2,200 
to 2,500 pounds per scpiarc inch compression and 2,900 to 3,600 pounds 
per square inch in bending. Its specific gravity, Avhen free from moisture, 
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is from .11 to .12 and its weight about 7)^ pounds per cubic foot. Owing to 
the very absorbent nature of the wood, however, its weight usually runs 
from 8 to 13 pounds per cubic foot. 

The extreme lightness of the wood is due to the unusual thinness of 
its cell walls. As a whole, the structure of balsa resembles that of bass- 
wood, poplar and willow, but in its more minute details the structure is 
unlike that of any other wood. Untreated Balsa wood has a short life and 
absorbs moisture to such an extent that it is rendered useless for many 
purposes. In order to determine the best method of treating the wood 
commercially a number of tests were made with the various schemes for 
doping and tai)ing the rods with fairing in place, from these tests it was 
determined that the best method is to treat the completely taped fairing 
with five coats of dope. 



Fig. 102. — Airplane Landing Gear of Three Wheel Type Showing Main Components. 

Tests made at ]\1cCook Field show' conclusively that Balsa w'ood can be 
used successfully as fairing on steel tubes; that it can be machined easily, 
and that it can be treated ])ro])erly by a simple process easily handled in 
production. Some slight saving in Avcight can be affected as against spruce 
fairing and finally a certain amount of spruce can be released for use in 
parts where combined strength and light w eight are vital factors. An idea 
of the amount of spruce that can thus be made available, is obtained from 
the fc)llovving estimate based ujxm the recjuirements of an average machine 
of the training tyi)C. In the manfacturc of the inter])lane and landing gear 
struts, about 50 board feet of si)ruce arc recjuired. l»y rei)lacing these parts 
wdth steel tubes streamlined w'ith balsa wood, the saving in spruce is 
equivalent to the amount required to make three wing spars. Thus we 
sec that the use of balsa wood in this connection is well worth the most 
serious consideration of the designers. Two methods of preparing the 
fairing are shown in Fig. 106, and Fig. 107. The section may be routed 
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Fig. 103. — Drawings of Typical Airplane Tail Skids, an Important Part of the Landing 

Gear. 

out to secure even greater lightness than with a solid section. The reason 
for fairing is to give the tubular strut a better streamline shape and faired 
struts ma}^ be used as intcrplane spacers in biplanes or as monoplane brac- 
ing as shown at Fig. 93. Faired tubes are also valuable for landing gears 
as shown at Figs. 96 and 97. 
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Woods for Airplane Parts. — Woods used in aeronautical construction 
work may be divided into two classes, hard woods and soft-woods, although 
in reality many excellent woods are of medium hardness. For the same 
bulk hard wood is far stronger than most soft woods, besides being more 
springy and flexible as a rule. For a given weight, however, some of the 



Fig. 104. — The Three Types of Supporting Airplane Floats for Use in the Water. 
A — Twin Pontoons or Floats. B — Single Float. C — Boat Type Hull. 

soft woods are far stronger than the hard woods, while a notalde exception 
to the elastic superiority of hard woods is spruce, which is one of the most 
flexible and elastic of American woods and that most generally used in 
modern aircraft. Among the desirable American hard woods may be men- 
tioned : 

Apple: A fine timber and with great resistance to splitting. Difficult to 
secure in large, clear pieces. Excellent for propellers. 
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Cedar: White cedar is preeminently a superior boat timber and should prove 
a valuable ^ood for airplanes as it is light, strong, flexible and free 
from splitting. Red ce4ar is a strong, very durable wood, buf usually* 
very cross grained and full of knots. Arbor-Vitce is a variety of cedar 
very light and springy, fairly free from splitting and straight-grained. 
Much used for shingles. 

Cypress: Used extensively in boat-building, owing to its durability, 
strength and freedom from warping, shrinking and swelling. A rather 
heavy wood and easily split. 

Poplar: Very light, porous, soft wood of considerable toughness and 
strength, but decays rapidly. Basswood is .sometimes known as “poplar” 
as is also Whitewood. Some varieties weigh as little as 20 pounds to 
the cubic foot, w^hich is but 5 pounds heavier than cork. 

Redwood (California) : A beautiful, .soft, easily w^orked wood similar in its 
properties to Cypress^ but lighter. 



Fig. 107. — How Routed Wood Fairing is Attached to Metal Tubes. 


Spruce: The various spruces, es])ccially Sih’cr and California spruce^ are, as 
far as known, the mo.st .satisfactory w-oods for aeronautical use as they 
are exceedingly strong for their weight, are very flexible and tough 
and are prol)a])ly among the mo.st elastic woods knowm. Spruce splits 
easily and the ends where exposed should be tipped wdth ferrules or 
wrapped with w ire or shellacked thread as splits once started spread 
rapidly. 

Sycamore: A very strong, durable, close-grained w^ood. Light in weight 
and exceedingly hard to split. JCxcellent for short struts, propeller 
blades, control parts, etc. 

Whitewood: Also called '^Tidip Wood/* is a \ery fine-grained, soft, durable 
wood easily worked but brittle and not very strong. 

Willow: Exceedingly strong for its Aveight and very flexible, especially 
when steamed or water-soaked. It should prove an excellent material 
for fuselage construction and for propellers. 
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Metals Used in Airplanes. — ^Althoilgh far less str6nger than woods than 
is gener§lly supposed, yet the various metals greatly exceed most woods 
in tensile strength and ultimate elasticity. Steels, irons, brass, bronzes, 
aluminum, monel-metal, etc., are used considerably in aeronautical con- 
struction, especially in motors and fuselage fittings, and the following brief 
descriptions of their compositions and characteristics may be of interest and 
value. 

Steely especially alloy steel, such as Vanadium, Chrome, Tungsten and 
Nickel-steels are the strongest metals known, and steel has been pro- 
duced that showed a tensile strength of over 600,000 pounds per square 
inch. This was, ho'\\ever, merely exi)erimental steel made in small 
quantities in the Krupp works and no steel of such strength has ever 
been produced in commeicial quantities. 

Gray cast-hony Ficncli iron, Scmi-stcel and Vanadium-iion are all used ex- 
tensively for cylinders, pistons, jiiston rings and other parts where a 

lAULE \ll 


Strength of Various VJatcrials 
Woods 



Pounds 

Tensile 

Compressive 

Name 

per 

Strength 

Streng^th 


Cubic Foot 

in Pounds 

in Pounds 

Alder 



1 

6,000- 7,000 

Apple 




Ash 

4.^ 

11,000 

4,600- 8,000 

Bamboo 

20 



Beech 

43 

8,000 12,000 

8,000- 9,000 

Birch 

35 

7,000-10,000 

5,000-10,000 

California Spruce 


12 000-14 000 


('edar 

35 

4,000- 9,500 

4,000 - 6,500 

Cherry 



5,000- 6,500 

Chestnut 

1 

7,000-12,000 

4,000- 4,800 

Elm 

36 1 

8,000-13,000 

8,000-10,000 

Hickory 

43 

10,000-14,000 

8,000- 9,000 

Maple 

40 

8,000-10,000 

5,000- 6,000 

Oak (live) 

67 

10,000 

8,000-10,000 

Oak (white) 

43 

10,000 

5,000- 8,000 

Pear 


7,000-10,000 

7,500 

Pine (Oregon) 


9,000-14,000 


Pine (Pitch) 


8,000-10,000 


Pine (red) ■ 


5,000- 8,000 

6,000- 7,500 

Pine (white) 

29 

.3,000- 7,500 

3,000- 6,000 

Pine (yellow) 

34 

5,000-12,000 

6,500-10,000 

1 *oplar 

24 

3,000- 7,000 

5.000- 8,000 

Spruce (New Eng.) 

31 

5,000-10,000 

4,500- 6,000 

Spruce (Norway) 

32 

5,000-12,500 


Spruce (California) 

. . 

12,000-14,000 


Sycamore 

39 



Walnut (black) 


8,000 

5,600- 7,000 

Willow 

37 

10,000 

3,000- 6,000 
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TABLE XII 


Strengths of Various Materials — Continued 
Metals 


Name 


Pfjunds 

per 

('iil)ic Foot 


Tensile 

Strength 


Compressive 

Strength 


Aerial metal 

Alumcn 

Aluminum 

Aluminum bronze 

Brass 

Chromaluminum . 

Cast iron 

Copper 

Iron (wrought) . . . 

Magnalium 

Monchnetal 

Nickel-aluminum . 

Steel (alloy) 

Steel (piano wire). 


08 

184 

168 

481 
520 
184 
444 

482 
• 152 

525 

184 

485 

400 


60.000- 70,000 
42,660 
38,393 
92,430 

85,320- 86,742 
63,090 

20.000- 35,000 
56,880- 58,302 

119,448 

41.238- 63,000 

87.000- 110,000 
56,880 

125.000- 265.000 
99,540-312.840 


75,000-150,000 


Name 


A1 isrellaneous 
'Pensile Strength 
in Founds 


China (irass 

Clue 

Hemp 

Horn 

Ivory 

Leather . . . . 
Rawhide . . . 

Silk 

Whalebone . 


22,752 
500- 750 

6,285-17.000 

9.000 

16.000 

3,000 5.000 
12,000 

35,000-62,028 

7,600 


splendid wearing surface and resistance to heat are re(|iiired Avitlioiil 
jgTcat strenj^^th. 

.Irrial Metal is an alloy of aluininuin ancl lilliiiini of j.;;real .streiij^^th and 
very light weight, sonic examples being only one and one-half times 
as heavy as water. 

^Ilnjucn: An alloy of 88 per cent akiminunt. wdth 10 i)er cent zinc and 2 per 
cent copper. One of the strongest aluminum alloys and readily forged 
and milled but heavier than aluminum or many other similar allovs. 

ArgcutaUiiin is a jiatentcd German alloy of aluminum and silver. Its specific 
gravity is 2.9. 

Ciiramaluminum is another jiatented German alloy of aluminum, chromium, 
etc. Its s])ccific gravity is similar to the last and it is the strongest 
knoAvn aluminum alloy. 

Duraluminum is commonly known in aeronautical jiarlance as dural. A 
full discussion of its properties, composition, etc., has been previously 
given. 
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Magnalium: An alloy of aluminum and magnesium, the latter varying from 
2 per cent to 12 per cent. Weighs less than pure aluminum and is very 
strong. It resists corrosion about the same as aluminum and may be 
easily cast, forged, machined, rolled and drawn. 

W olframimn is an aluminum and tungsten alloy witli small amounts of cop- 
per and zinc. It is ])atented in Germany and is extensively used in the 
Zeppelin dirigibles and is somewhat the same as Duraluminum in its 
general nature. 

Bronacs are all those alloys in which copper is comlnned with other metals 
to gain strength or other advantages. 

Phosphor-bronze is ])articularly adapted for wire and cable. Manganese 
bronze is nearly as strong as ordinary steel. Tobin bronze has a 
strength equal to steel and is used largely for marine proj^eller shafts, 
while Aluminum bronze is very tough and elastic, but like all the bronzes 
is too heavy to be of great value in aviation work. 

M onehnctal : A natural alloy of nickel, iron and copper, is as strong as high- 
grade steel, resists all known causes of corrosif)n save sulphur fumes 
and is readily Avorked, but is very heavy for aerial work. It is, how- 
ever, an ideal metal for boat uses. 


TABLE XITI 

Transverse vStrcnj^tlis (T Wooden Bars 

('Those xnarketl A\'cre siiixpoitcd edj^ewise; all tests \\ere with bars supported at 

e.vtrenie ends) 


Name 


Si/e in Inches 


Weight, 

Ounces 


Load 

Sustained, 

Pounds 


Elm 

V/h 

X 

PA 

X 

12 

Elm 

PA 

X 

PA 

X 

12 

Elm 

I'/i.. 

X 

V/.X 

X 

12 

Elm 

r/i.. 

X 

17.« 

X 

12 

Spruce 

1 

X 

1 

X 

12 

Spruce 

1 

X 

1 

X 

12 

Spruce 


X 

PA 

X 

12 

Siuuce 

■7... 

X 

P/« 

X 

12 

+ Elm ' 

V. 

X 

■V. 

X 

12 

♦Elm 1 

•V. 

X 

V* 

X 

12 

♦Spruce ' 


X 

V... 

X 

12 

♦Spruce ! 

Vm 

X 


X 

12 


5A 

3H 

4 

3/2 

3K' 

3 

2^ 

2 /« 


900 

900 

880 

760 

450 

600 

390 

475 

27S 

280 

175 

175 


Mass of Material to Construct an Airplane. — There is a surprising 
amount of material of various kinds necessary to build a single airplane of 
the more simple kind, and the components of a typical training plane make 
use of large quantities of some materials and a great variety of materials. 
The figures given will vary with the airplane design and in this case applies 
to a composite structure. 
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Materials involving metals of various kinds include the following; 


Nails 

Screws 

Steel Stampings 

Forgings 

Turnhuckles . . . 

Wire 

Aluminum .... 


4,326 

3,377 

921 

798 

276 

3,262 feet 
65 pounds 


The various kinds of wooden material mount up as follows: 


Spruce . 
Pine . . , 
Ash ... 
Hickory 


244 feet 
58 feet 
31 feet 
IM feet 


Other material necessary for the finished plane is as follows: 


Veneer 57 .square feet 

Varnish 11 gallons 

Dope 59 gallons 

Rubber 34 feet 

Dinen 201 square yds. 


This list of material is exclusive of everything necessary for the engine 
and if the power plant was considered, there would he much more metal 
of various kinds than enumerated above. 


* Standard Definitions 

Body Parts 

bay — The portion of a face of a truss, or of a fuselage, between adjacent 
bulkheads or adjacent struts or frame positions, 
body — The fuselage or hull, or nacelle (incliuling cowling and covering) 
nacelc mounting. 

cockpit — The open spaces in which the pilot and passengers are accommo- 
dated. (Fig. 91.) When the cockpit is completely housed in, it is 
called a cabin. (Fig. 93.) 

control stick — The vertical by means of which the longitudinal and lateral 
controls of an airplane are operated. latching is controlled by a fore- 
and-aft movement of the stick, rolling by a sidc-to-side movement. 
(Fig. 90.) 

cowling — A removable covering which extends over or around the engine 
and sometimes over a portion of the fuselage or nacelle as well, 
fire wall — A fire-resistance transverse bulkhead, so set as to isolate the 
engine compartment from the other parts of the structure and thus to 
reduce the risk from fire in the engine coni]:)artment. 
fuselage — The structure, of approximately streamline form, to which are 
attached the wings and tail unit of an airplane. In general it contains 
the power plant, passengers, cargo, etc. (Figs. 81, 83, 85.) 
longeron — A fore-and-aft member of the framing of an airplane fuselage 
or nacelle, usually continuous across a number of points of support. 
(Figs. 85 and 89.) 
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monocoque fuselage — A type of fuselage construction wherein the struc- 
ture consists of a thin shell of wood, metal, or other material, sup- 
ported by ribs, frames, belt frames, or bulkheads, but usually without 
longitudinal members other than the shell itself. The whole is so 
disposed as to carry the stresses to which the structure is subjected, 
nacelle — An inclosed shelter for passengers or for a power plant. A nacelle 
is usually shorter than a fuselage, and does not carry the tail unit. 
(Fig. 96.) 

rudder — A movable auxiliary airfoil, the function of which is to impress a 
yawing movement on the aircraft in normal flight. It is usually lo- 
cated at the rear of an aircraft (Fig. 94.) 
tail boom — A spar or outrigger connecting the tail surfaces and main ‘sup- 
porting surfaces. 


Landing Gear Parts 

float — A completely inclosed water-tight structure attached to an aircraft 
in order to give it buoyancy and stability when in contact with the 
surface of the water. In float seaplanes the crew is carried in a fuselage 
or nacelle separate from the float. The term ''pontoon” is now obso- 
lete. (Fig. 104.) 

flotation gear — An emergency gear attached to a landplane to permit 
alighting on the water and to provide buoyancy when resting on the 
surface of the water. . 

hull — The portion of a flying boat which furnishes buoyancy when in con- 
tact with the surface of the water. It contains accommodations for the 
crew and i)assengers, usually incorporating the functions of a float and 
fuselage in one unit. (Fig. 104.) 

landing gear — The understructure which supports the weight of an air- 
craft when in contact with the surface of the land or water and re- 
duces the shock on landing. There are five common types — boat type, 
float type, skid type, wheel type, and ski tyi)e. (Amphibian may be 
a combination of the float or boat type with wheels or skis.) 

shock absorber — A device incorporated in the landing gear of an aircraft 
to reduce the shock imi)oscd on the structure when alighting or taking 
off. (Figs. 97, 101.) Shock absorbing devices are usually interposed 
between the main structure and the wheels, floats, skis, or tail skids, 
to secure resiliency in landing and taxying. 

skid — A runner used as a member of the landing gear and designed to aid 
the aircraft in landing or taxying. (Fig. 99 B.) 
tail skid — A skid used to sui)port the tail when in contact with the 
ground. (Fig. 103.) 

wing skid — A skid ])laced near the wing tip and designed to ]>rotect the 
wing from contact with the ground. 

Step — A break in the form of the bottom of a float or hull, designed to re- 
duce resistance when under way by rapidly reducing the wetted sur- 
faces as speed increases. It also serves to eliminate suction effects. 
(Fig. 104.) 
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Materials and Structure 

balloon fabric — The finished material, usually rubberized of which balloon 
or airship envelopes are made. 

biased — Plied fabric in which the threads of the plies are at an angle to 
each other. 

parallel — Plied fabric in which the threads of the ])lies are parallel to 
each other. 

cloth — Fabric delivered by the blcachery or finisher before it has been 
proofed, doped, or s])ccially treated for aeronautic use. 

dope (airplane) — The liquid material ai)plicd to the cloth surfaces of air- 
planes to increase strength, to ])roduce tautness l)y shrinking, and to 
act as a filler for maintaining air-tightness. 

dope (airship) — The li([uid material applied to rub1)crizcd airship fal)ric to 
increase gas-tightness. In contrast with air])lanc dope, it docs not 
cause shrinking. 

dope (pigmented) — An aircraft to which a pigment has been added to make 
an opaque finish, or to protect it from the effects of sunlight. 

duralumin — An alloy of aluminum which is much used in aeronautics, 
especially for the structure of airships and airplanes. Its chemical com- 
position and physical prf)])erties arc about as follows: 

Copper, 3.5 to 4.5 ])er cent. , 

Manganese, 0.4 to 1 ])er cent. 

Magnesium, 0.2 to 0.75 i)er cent. 

Aluminum, 92 per cent, minimum. 

Tensile strength, ultimate, 55,0(!K) pounds ])er square inch. 

Tensile strength at elastic limit, 30,()()() pounds ])er scjuare inch. 

Elongation of 2 inches at ultimate strength (test si)ecimen inch 
wide), 18 per cent. 

Specific gravity not more than 2.85. 

fairing — An auxiliary member or structure whose ])rimary function is to 
reduce head resistance or drag of the i)art to which it is fitted (with- 
out, in general, contributing strength). ( Irig. 107.) 

fitting — A generic term for any small ])art used in the structure of an air- 
plane or airship. If without qualification, a metal part is usually 
undervStood. Tt mav refer to other parts, such as “fabric fittings.” 

(Fig. 87.) 

gas-cell fabric — The faln'ic used in gas cells of rigid airsliips, usually gold- 
beater’s-skin fal)ric, ([. v. 

goldbeater’s fabric — A gas-coutaiiiing fabric consisting of a layer of light, 
fine, strong cloth, usually cotton, to which one or more layers of gold- 
beater’s-skius have been cemented. The .skins arc on the inside and 
are usually further i)ri>tected by a ct>at of fine varnish. Usually used 
in the gas cells of rigid airshi])s. 

laminated wood — A product formed by gluing or otherwise fastening to- 
gether a number of laminations of wood with the grain substantially 
parallel. (Differs from plywood in that in the latter the grain of alter- 
nate ]>lies is usually crossed at right angles ; also, the plies of the latter 
are usually made up of veneer.) 
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panel (aerostat) — The unit piece of fabric of which the envelope or outer 
cover of an aerostat is made. Panels may be assembled into sections, 
gfores, or rings, according to the method of manufacture followed. 

In rigid airships the area bounded by two adjacent longitudinals 
and tw'o adjacent transverses is often referred to as a ‘‘panel.” This is 
a structural panel and the expression is borrowed from structural engi- 
neers. 

plywood — A product formed by gluing together two or more layers of 
veneer. The alternate j)lies are usually placed with grain at right 
angles to the adjacent plies. 

proofing — Material incorporated in the fabric of an aerostat at the time of 
manufacture, to increase its resistance to the weather and/or to pre- 
vent the passage of gas (or decrease its permeability). 

stay — A wire or other tension member; for examj)le, the stays of the wing 
and body trussing. 

strut — A compression member of a truss frame. For instance, the vertical 
members of the wing truss of a bi])lane (interplane struts) and the 
short vertical and horizontal members se])arating the longerons (q. v.) 
in the fuselage. (Fig. 83.) 

veneer — Thin sheets of wtxxl, either sliced with a knife or sawed. 

wire — Til aeronautics, refers sjiecifically to drawn solid wire. 


QUESTIONS FOR REVIEW 

• 

1. Describe* starting or laiiiicliiiiR system used with early Wright airplane'^. 

2. How did it dil’fer from the launchiii^.^ system used by Bleriot and Curtiss and 
wbat were the advantages of these systems? 

3. Name some fundamental airjiUne design considerations? 

4. What is “parasitic resistance'’ and what steps should be taken to reduce it and 
why? 

5. Describe Wood and wire truss fuselage construction and compare it with i)ly- 
wood structures. 

0. How is metal tubing emiiloycd in fuselage construction? (iivc j)roi)erlies of 
materials used. 

7. Describe principal alighting gear forms. 

8. Name common woods ami metals used in air))lanc structures. 

b. What is a “monoco(|ue’’ fuselage and what are Us advantages'" 

10, What is a “streamline” body and how is the i)nncii)le used in aircraft and why? 



CHAPTER VII 

AIRPLANE POWER PLANT TYPES AND INSTALLATION 

Reliability Main Essential — Aerial Motors Must be Light — ^Air- or Water-Cooled En- 
gines — Relative Engine Weights — ^Where Air-Cooling is an Advantage — General 
Requirements from Aircraft Engines — Factors Influencing Power Needed — Air- 
plane Engine Forms— Number of Engines Used — Airplane Engine Installation- 
Radiator Location Important — Resistance of Radiators — Power Absorbed by 
Radiators — ^Table XIV — Characteristics of Typical American Pre-War Aviation 
Engines — ^Table XIV, Continued — Data on American Post War Engines — Instal- 
ling Rotary and Radial Cylinder Engines — Designing Water-Cooled Engines into 
Aircraft — ^Air Resistance Characteristics of Engines — ^Table XV, Resistance of 
Various Engines at Different Speeds — ^Value of Inverted Cylinder Engines— 
Materials Used in Aircraft Engines — Table XVI, Strength-Weight Ratio of Vari- 
ous Metallic Materials — Table XVII, Properties of Aluminum Alloys Used for 
Aircraft Engine Construction — Airplane Engine Costs. 

One of the marked features of aircraft development has been the effect 
it has had upon the refinement and perfection of the internal combustion 
motor. Without question, gasoline motors intended for aircraft are the 
nearest to perfection of any other type yet evolved. Because of the peculiar 
demands imposed upon the aviation motor, it must possess all the features 
of reltability, economy and efficiency now present in automobile or marine 
engines. It must also have distinctive points of its own. 

Reliability Main Essential. — Owing to the unstable nature of the 
medium through which it is operated and the fact that heavier-than-air 
machines can maintain flight only as long as the power plant is function- 
ing properly, an airshij) motor must be more reliable than any used on 
either land or water. While a few pounds of metal, more or less, make 
practically no difference in a marine motor and have very little effect 
upon the speed or hill-climbing ability of an automobile, an airship motor 
must be as light as it is possible to make it because every pound counts, 
whether the motor is to be fitted into an airplane or into a dirigible bal- 
loon. 

Aircraft motors, as a rule, must operate constantly at high speeds in 
order to obtain a maximum power delivery with a minimum piston dis- 
placement. In automobiles or motorboats, motors are not required to run 
constantly at their maximum speed. Most aircraft motors unless they have 
a large reserve of power, must function for extended periods at speeds as 
nearly the maximum as possible. Another thing that militates against the 
aircraft motor is the more or less unsteady foundation to which it is at- 
tached. The necessarily light framework of the airplane makes it hard for 
a motor to perform at maximum efficiency on account of the vibration of 
its foundation while the craft is in flight. Marine and motor car engines, 
while not placed on foundations as firm as those provided for stationary 
power plants, are installed on bases much more stable than the light struc- 
ture of an airplane. The aircraft motor, therefore, must be balanced to a 
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nicety and must run steadily under the most unfavorable conditions. Com- 
menting on the subject editorially, “Aviation’* says : 

“In other classes of gasoline propelled vehicles there are really two 
types of engine. One, th^ heavy duty type of engine, which is capable of 
developing nearly full throttle power for long periods of time, and the 
other, an engine which will develop a great burst of power but which is not 
normally expected to be used at full throttle for long periods of time. 
Most motor boats have heavy duty engines, while most automobiles and 
motorcycles have reserve power engines which are very reliable at half 
power but which will break down if run at maximum throttle for long 
periods of time. V ery few stock cars could get through a twenty-four hour 
race at maximum speed but all of them will run continuously at a normal 



Fig. 108 . — Outlines Showing Arrangement of Cylinders of Various Engines that 
have been Used for Airplane Propulsion. 


The airplane is, in most respects, like the motor l)oat in as far as it is 
run practically at full throttle so long as the power plant holds out. The 
Curtiss OX engines are very nearly heavy duty engines. By changing 
compression, valve action and ignition, almost any good engineer could 
make these engines develoj) a lot more power but their power output has 
been deliberately kci^ low and they can be run at practically full throttle 
for long periods of time, with the result that this engine is one of the most 
popular of aviation engines. 

Actually, in one of its essential features, the airplane power plant 
problem is unlike that of the motor boat for the airplane needs a vast 
reserve of power with which to take off and climb. Engines can be built 
to have a great reserve of ])ower for short periods And great endurance at 
partial throttle for long ])eriods. The real difficulty lies in the pilot. There 
are few men who can restrain themselves and lly at half throttle even in 
a plane which has ample reserve power at this sjieed. There is a constant 
tendency to speed the engine up to a point wdiere the strains on the metal 
will ultimately cause crystalization and breakage, whereas, if the engine 
had been kept throttled, there would have been no over strain on the metal 
and no tendency to crystalize.” 
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Aerial Motors Must Be Light. — The capacity of light motors designed 
for aerial work per unit of mass is surprising to those not fully conversant 
with the possibilities that a thorough knowledge of proportions of parts 
and the use of special metals developed by the automobile industry make 
possible. Activity in the development of light motors had been more pro- 
nounced in France than in any other country before the war l)ut now the 






AIRPLANE POWER PLANT TYPES 


251 


ing fourteen, sixteen, eighteen and twenty-four cylinders, and the arrange- 
ment of these members varies from the conventional vertical tandem and 
opposed placing to the V form or the more unusual radial or star motors 
having either fixed or rotary cylinders. The weight has been reduced so 
it is i)ossible to oI)tain a complete power plant of the radial cylinder air- 
cooled type that will not weigh more than 1.5 pounds per actual horse- 
power and in some cases less than this figure. Water cooled engines have 
been developed that will Aveigh less than 2 pounds per horsepowa^r in the 
larger horsci)owers, figuring dry weight. 



Fig. 110. — The Anzani Six-Cylinder Fixed Radial Engine, an Early Air-Cooled Design. 

If we give brief consideration to the recjuirements of the aviator it will 
be evident that one of the most im])ortant is securing maximum ])ovver wdth 
minimum mass, and it is desirable to conserve all of the good qualities 
existing in standard automobile motors. These are certainty of operation, 
good mechanical balance and uniform delivery of 1 )owxt — fundamental con- 
ditions which must be attained before a ])ow'er plant can be considered 
practical. There are in addition secondary considerations, none the less de- 
sirable, if not absolutely essential. These are minimum consumption of 
fuel and lubricating oil, which is really a factor of import, for upon the 
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economy depends the capacity and flying radius. As the amount of liquid 
fuel must be limited, the most suitable motor will be that which is most 
powerful and at the same time economical 

Another important feature is to secure accessibility of components in 
order to make easy repair or adjustment of ])arls possible. It is possible 
to obtain sufficiently light-weight motors without radical departure from 
established practice. Water-cooled power plants have been designed that 
will weigh but 3 pounds per horsepower comi)lete, and in these forms we 
have a practical power plant capable of extended operation for heavy duty 
applications. 

Fundamentally, success in aircraft operation, whether it be commercial 
or military, is almost entirely, dependent upon two vital factors: (a) de- 
pendability and safety, and (b) low o])erating cost per ton-mile of pay- 
load carried. Safety and dependability can be had, of course, without low 
operating cost, but certainly low operating cost cannot be had without 
safety and dependability. Probably the greatest contributing factor to the 
present high cost of aircraft operations is the enormous overhead expense 
incurred by the necessity for frequent and costly repairs and replacements, 
and by the necessity for constant and most meticulous attention to details. 
Dependability and reasonable durability must come first and always. With 
thorough dependability conies safety, and a material reduction in mainte- 
nance costs. Next in importance to dependability and durability comes the 
reduction in aircraft weights, because every pound that can be saved in the 
structure of the aircraft results in a corresponding increase in the pay-load 
or in the speed and a decrease in the carrying cost. Generally speaking, 
any aircraft is only as good as the power plant that sustains and propels 
it. Any advance in the performance of the aircraft as a whole can proceed 
but little faster than the advance in the performance of the powder plant. 
The two are inseparable. 

Relative Engine Weights. — One often hears the statement that the 
requirements for commercial aviation are \ery different from those for 
military aviation, that for commercial aviation one can afford to use con- 
siderably heavier engine types than are at present in common use for mili- 
tary aircraft. A rather careful study of the influence of power plant weight 
on the amount of pay-load that can be carried throws some interesting 
light on this subject. Lieutenant Leighton took as the basis for compari- 
son the performance of a type of aircraft that had recently been developed, 
and that had an unusually high carrying load per horsepower by compari- 
son with existing types of aircraft built at that time. 

The total gross weight of the machine as built is 7,175 pounds. The 
engine used is a standard Liberty developing 400 b. hp., which gives a 
power loading of 17.9 pound per b. hp., a very satisfactory figure. With 
a cruising radius of 500 miles this plane as built can carry a pay-load of 
1,010 pounds. 

The power plant weights, exclusive of fuel, are as follows: 

Lb. 


Dry Weight of Liberty Engine 872 

Engine Accessories 58 

Hand Starting System 17 
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Propellor 58 

Dry Weight of Cooling System 132 

Cooling Water 113 

Dry Weight of Oil System 33 

Dry Weight of Fuel System 184 

Engine Controls 15 

Total Power Plant Weight 1,462 


As a basis of comparison, Lieutenant Leighton took a i)urely hypothet- 
ical assumption that an air-cooled engine that will deliver 400 hp. and that 



Fig. 110, con’t. — Air- and Water-Cooled Aviation Power Plants of the Pre-War Type. 
A — Renault Eight-Cylinder Air-Cooled. B — Gnome Rotary. At Bottom — Six-Cylin- 
der Type, Water-Cooled Hall-Scott. 

will weigh 600 pounds diy is available to re])lace the standard Liberty 
engine and such engines have been developed since he read his paper. 
With such an engine it is reast)nable to assume a ])ower plant weight, ex- 
clusive of the fuel which is considered to be the same as in the previous 
case, of 


Engine 

Engine Accessories 


Lb. 
600 
, 33 
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Starting System 17 

Cooling System 0 

Water 0 

Dry Weight of Oil System 33 

Propeller 58 

Dry Weight of Fuel System 184 

Engine Controls 15 

Total Power Plant Weight 940 


Owin^^ to the simpler eiig:ine mounting recjuirecl for tlic air-cnolccl 
engine, there will be an additional sa\ing in the weight that is cotiscrva- 
tively estimated at approximately 50 ])()imds. The total saving in the 
power plant weight in the case of the latter installation is, therefore 

1402 040 -f 50 = 572 ])oimds 

'This saving in the deadweight of the power plant permits an increase 
of 572 pounds in the pay-load, witliont in any way affecting the perform- 
ance characteristics of the air])lane. 

The P)ristol Acro])lane roni])any of England the manufacturers of the 
lu])iter air-cooled engine, have been running a convincing endurance re- 
liability test on the engine with the result that the engine has completed 
the task AA’hich it set out to accomplish, namely 25,CK)0 miles. Its actual 
distance w'as 25,074 miles — eciual to the earth’s circumferimce and a little 
over, which was accom])lished in 225 hours 54 minutes flying time. The 
engine was sealed, and no replacement of any i)art was made except that 
three sets of si)arking idugs were used. The flights were made daily 
between Croydon and P»ristol, iMigland. ddie Jupiter is a radial air-cooled 
engine with nine cylinders. It has a g-asoline consum])tion of about 22 
gallons per hour. It develoi)S, at normal revolutions. 450 hp. for a weight 
of 1.60 pounds per horsepower. 

Lieutenant Hugo Schniidl, U. vS. N. also has contributed interesting 
data to the S. A. E. regarding the ex])erience of the United Stales Navy 
with air-cooled engines. lie says: 

“If one assumes ecjual diira])ilit} , flexibility and fuel economy, the air- 
cooled engine ^\’ould be more advantageous than the ater-cooled tyjie due 
to the elimination of the weight and the com])lications im])osed by radia- 
tors. piping and water. The snp])osedly large ])arasite resistance of the 
radial air-cooled engine is in realiU no more than the head-resistance (d 
the radiator and cowling of the w ater-cooled engine. Streamlining behind 
an air-cooled engine often can be carried 'out more advantageously, since 
the cylinders are the only ])rojections beyond the cowling. 

The most annoying source of trouble in water-cooled aircraft-engines is 
leaky water-jackets during flight. They make the wxiter-cooled cylinder 
more vulnerable to machine-gun fire When any cylinder goes bad, the 
flight is ended, ''fhis is not necessarily true with air-cooled engines. 
Recently, a radial air-cooled engine in flight wxis observed to have one 
cylinder-head cracked, althoug^h the engine was ai)parently running well. 
The pilot landed and found that the exhaust-valve retainer on that cylinder 
had come adrift, allow ing the exhaust-valve to drop into the cylinder. He 
removed the valve-gear from the cracked cylinder and continued his flight, 
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with remarkably smooth running, on the remaining eight cylinders. This charac- 
teristic of air-cooled engines to function in spite of cylinder damage, due to the 
elimination of elaborate overhead-camshaft gear, is a decided advantage. 



Where Air-Cooling 
Is an Advantage. — Up 

to about 450 hp., the ra- 
dial air-cooled engines 
developed by the Navy 
have had a decided ad- 
vantage in weight per 
horsepower. It has here- 
tofore been the practice 
to rate water-cooled en- 
gines as regards weight 
per unit of power on a 
dry basis, less the radia- 
tors, water and piping. 
Since this is mislead- 
ing, a I)etter method is 
to classify them on a 
basis of pounds per 
horsej)ower, ready to fly. 
The following ratings 
arc on the latter basis. 
In the 220-hp. (Jass, the 
Wright J-4 air-cooled 
engine weighs 2.55 
]K)nnds per horsepower 
and the Wright E-4 
water - cooled engine 
weighs 3.75 pounds per 
hor.sej)Ower. This is a 
total saving of 264 
])ounds in gross weight 
for the J-4 engine. Tn 
the 350-h]). class, the 
Wright R- 1,200 air- 
cooled engine weighs 
a ]) p r () X i in a t e 1 y 2.4 
]K)unds ])er horsepower 
against 3.1 jiounds per 
horsepow(*r for the Cur- 
tiss D-12 water-cooled 
engine and efifects a 
gross saving in weight 
of about 245 pounds. 

Saving in weight 
diminishes as higher en- 
gine-powers arc reached. 
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, The 450hp. Wright P-2 air-cooled engine weighs about 2.3 pounds per horse- 
power and the 500-hp. Packard lA-1,500 water-cooled engine weighs 2.4 
pounds per horsepower or practically the same weight per horsepower. 
This reduction in weight per unit of power in the latter case has been 
accomplished by adopting a higher number of revolutions per minute and 
the use of reduction gears. 

General Requirements of Aircraft Engines. — Definite reasons exist for 
the choice of air-cooled rather than water-cooled engines but, before ex- 
plaining these reasons, it is well to state the general requirements of air- 
craft engines. They must 

(1) Be capable of running at full ])ower for long periods and yet have 
the lowest possible weight per horsepower consistent with re- 
liability and ruggedness. 

(2) Have the highest i^ossible dependa])ility and endurance with the 
lowest possil)le s])ecific fuel-consumption. 

(3) Be flexible and controllable at all speeds from idling to full 
throttle, on account of the requirements of formation flying and 
missions calling for varying cruising-speeds. 

(4) Be easy to overhaul and to maintain. 

(5) Have interchangeability of all parts among engines of the same 
model. 

(6) Have vibration practically eliminated so as to* keep down the 
weight of the engine structure and su])ports. 

(7J Occupy the minimum volume, create the minimum head-resistance 
and be easy to cowl. 

(8) Be as short in length as possible, to concentrate the center of 
gravity in such a jjosition as to keep the fuselage to maximum 
shortness in length for maneuverable and structural reasons, and 
also because short engities are inherently stii'fer in the crank- 
case than longer ones. Short engines are necessarily lighter and 
more rugged and reduce the multiplicity of engine parts. 

(9) Be capable of being built cheaply in quantity production in the 
shortest time ])ossible. 

The specific fuel-consumiUion of both water-cooled and air-cooled en- 
gines is now around 0.5 lb. ])er b.h]>hr. This factor depends largely upon 
compression-ratios which are limited by detonating or “pinking” condi- 
tions and the necessity for using blended fuels, which are often difficult 
to obtain. Benzol has been used very successfully but weighs more than 
gasoline and also tends to solidify in cold weather. The average com- 
pression-ratios of the recent engines are in the neighborhood of 5.5 to 1.0. 

As early as the begining of 1922, the Navy increased the standard of 
service acceptability for aircraft engines from a 50-hour test-run to a 
300-hour test-run of three 100-hour periods of continuous running at full 
power on the test-stand. An experienced pilot would never approxi- 
mate these conditions in flight as he w^ould maintain only enough power to 
perform his mission and, exce])t for ‘"take-offs,” racing and formation flying, 
rarely would fly at full throttle. On the other hand, an engine in flight 
often is subjected to sudden altitude and climatic changes. This higher 
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standard, however, forces both air-cooled and water-cooled engines to 
greater reliability, ruggedness and endurance. 

Comparing the most modern types of engine, we find that the weight 
per horsepower dry is approximately the same. This, however, is mis- 
leading and is a valueless com])aris()n as wc are concerned solely with the 
weight of the power plant ready to fly. Air-cooling eliminates both the 
troubles and the additional weight attendant upon the water-cooling 
system. In the matter of mechanical dependability, there seems to be little 
choice in the engines themselves. The elimination of the Avater system 
results in a net gain of 25 to 40 per cent. From the viewpoint of fuel 
economy, the two types are ef|ually good. 



Fig. 112A. — How Four Engines were Placed in the Navy NC Boats. 


In the older air-cooled engines, the fuel consum])lion was definitely in- 
ferior to that of the water-cooled engines. Recent changes in cylinder 
design, which provide for ])etter cooling of the head and a better form for 
the c()nd)ustion-chambcr, have brought the fuel consinn|)tion of the air- 
cooled engine doAvn to that of the l)est water-cooled ty])es. The air-cooled 
engine seems definitely su])erior to the tyater-cooled engine viewed from 
the ])oint of ease of maintenance by comi)letely eliminating radiators, Avater 
pi])ing, Avatcr-jHini]), jackets, and a large number and variety of hose con- 
nections and glands. In the matters of cost and ]:)rodiKtion, there seems 
to be little or no choice, but in the latest ty])cs it is indicated that the air- 
cooled engine is outstripping its competitor in these desirable features. 

Water-cooling does not lend itself readily to radial construction and 
in this Country water-cooled engines in general use are all of the V-ty])e. 
In the air-cooled engines, the radial is the only arrangement which seems 
to provide uniform cooling. This does not mean that the V-type air- 
cooled engine cannot be ])ro])erly cooled. An air-cooled Liberty-12 engine 
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has been put through extensive flight-tests at McCook Field and satisfac- 
tory cooling has been obtained. This engine is fitted with an air-scoop 
which forces the air into the V and out at the sides between the cylinders. 
The radial type, however, ])rovides for direct airflow to all cylinders 
without any change in direction of the normal airflow, and makes possible 
the ideal cylinder-head, with the head, the valve-seats, and the valve- 
guides exposed to the maximum airflow. 

The in-line engine requires a camshaft enclosure along each bank. The 
radial type, by having the cylinder-heads arranged in a circle, utilizes the 
maximum amount of air available from the propeller, while the V-type 
* engine gets the air from a 60-dcgree sector. Tt is believed this will be an 
imj^ortant feature for ground-test running, for warming-up, and the like, 
especially in warm climates. The radial engine has the distinct advantages 
of the short rigid single-throw crankshaft, which eliminates the torsional 
vibration troubles incident to the longer crankshaft required for the V- 
tyj)e engine. The compactness of the radial engine is very advantageous 
from the point of view of the airplane designer, as it permits a shorter 
fuselage and a more concentrated disposition of the ]irincipal loads. 

Air or Water-Cooled Engines. — Lieutenant B. G. Leighton, U. S. N. 
■^iii a paper read before tlie Washington Section of the S. A. E. described 
some of the develo])ments of aircraft engines used by the Navy. 

That the air-dooled engine in the smaller sizes has definitely arrived 
and has displaced the water-cooled type in all sizes under 300 hp. in 
the Naval service is the ])rinci])al conclusion drawn by the author who 
also makes the i)redictioiis that the air-cooled engine will gradually widen 
its field of usefulness and dis])lace the water-cooled engine entirely and 
that the chief hope for bettering aircraft engines lies in perfecting the kind 
of aj^jiaratus that engineers have been accustomed to rather than making 
any radical departures. These conclusions are reached after an exhaustive 
discussion of the trend of the successive imj)n)vemcnts in engines that have 
increased the safety, the dural)ility, the de])cn(lal)ility and the economy of 
aircraft. The standard of excellence has 1)een raised from the original 50- 
hour test, which consisted of a series of S-hour runs, to the present require- 
ment of 300 hours of continuous running with wide-o])en throttle at 
sea level that rei)resents ai)i)ro\imately OOO hours of normal flying-service 
and at a si)eed of 75 m.p.h. would be the equivalent of 45,00() miles of cruising. 

This ])ai)cr was i)resented several years ago and the experience gained 
since that time has warranted the following conclusions regarding air- 
cot)]ed engines which have received a very wide application in airplanes 
of recent develo])nient, both in commercial and military applications. 

(1) There is nothing inherent in the air-cooled, engine that renders it 
less durable or dependable as a mechanism than is the water- 
cooled engine. 

(2) As regards thermal characteristics, the air-coolcd engine is at 
least the equal of the water-cooled engine. Block and flight tests 
over a period of many months have demonstrated a specific power 
an s])ecific fucl-con.sum])tion that is the equal of the best water- 
cooled engines of comparable power that we know of. 
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(3) The air-cooled engine is not unduly sensitive to wide changes in 
the atmospheric temperatures in flight service. 

(4) The head-resistance of the radial air-cooled engine of the largest 
size that we have had in flight, 43-inch diameter overall, ^is not 
greater than that of the water-cooled engine of the same power 
plus the necessary radiator. 

(5) The air-cooled engine is much more quickly warmed up and made 
ready for flight in cold weather than is the water-cooled engine 
and will withstand long glides and dives at a high altitude without 
interfering with its operation. 

(6) The air-cooled engine requires less attention on the part of the 
pilot than does the water-cooled engine. 

(7) The weight of the air-cooled engine is unquestionably inherently 
less than that of the best water-cooled engine with its radiator and 
water. 

Operating Principles of Four Cycle Engine. — The reader will notice, in 
reading the descrii)tioiis of engines to follow that practically all aviation 
engines are valve-in-the head types. Aircraft engines must have maximum 
efficiency. The type of engine, therefore, that consumes in the highest 
degree the heat units in each charge of fuel and air, will show the greatest 
efficiency and economy in service, other things being equal. Of all internal 
combustion engines this condition is most closely met in the valve-in-head 
type \^hich has the smallest area of combustion chamber surface and con- 
sequently less di.ssi])ation of the heat of combustion through the walls. 
The contrary obtains, however, in that type of engine with the valve 
pockets in the sides of the combustion chamber common in automobiles 
thereby necessitating a greater area of combustion chamber surface and 
consequently a greater percentage of heat wastage. The thermal efficiency 
of the valve-in-hcad type is highest, which means that the largest possible 
amount of energy is developed from a given fuel consumption, and, from 
the designer’s ])oint of view this provides greater economy in operation. 

In obtaining perfect combustion two cimditions must be provided: The 
cylinders must l)e completely cleared of all burned gases before a fresh 
charge of fuel and air is admitted. Si)ark plugs must be so located that 
rapid ignition may be obtained, otherwise slow and therefore wasteful com- 
bustion will take place. The location of the valves in the cylinder head 
and directly over the pistons and the position of the spark plugs in the 
valve-in-head type of engine meet these two conditions. Important from 
the standpoint of maintenance will be found the accessibility of the valves 
and the valve actuating mecliaiiism, a feature which will commend itself 
to all engaged in minor maintenance operations. 

The Four Strokes. — Ih-actically all aircraft engiiu-s arc four stroke cycle en- 
gines. It takes four strokes of the ])iston or two revolutions of the crank 
for each explosion or working stroke in each cylinder. 

The four strokes as shown cit Plate 18 are as follows: 

— Suction Stroke. The intake valve opens and the piston moving 
down, draws a mixture of gas and air into the cylinder from the carburetor. 

— Compression Stroke. Intake and exhaust valves closed, the pis- 
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Plate 18. — Diagrams Explaining Action of Four-Cycle Valve4n-the-Head Engine. A System of Construction 

Aircraft Engines Follow. 
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ton moving up compresses the mixture of gas and air into a highly com-' 
bustible condition. 

(c ) — Power Stroke, When the piston has reached the top of the stroke 
the spark plug fires and causes an explosion of the compressed gas mix- 
ture, forcing the i)iston down to supply the power. 

(rf) — Exhaust Stroke. The intake valve remains closed and the ex- 
haust valve now opens, allowing the dead gas to be forced out on the up- 
ward stroke of the pistfiii and clearing the cvlindcr for the next charge. 

There is but one power stroke out of the four in each cylinder the other 
three ])re])aring for the ])Ower stroke. In an engine with six cylinders the 
crankshaft actually receives only three ini])nlses every revolution, height 
cylinders will give four explosions each revolution, twelve cylinders will 
produce six impulses each re\’olution, eighteen cylinders will give nine 
impulses each turn of the crankshaft. 1'he reason for using multi])le cyl- 
inder engines in aircraft will be ap])arent to all. 

Factors Influencing Power Needed. — Work is ])crforme(l whenever an 
object is moved against a resistance, and the amount of work ])erformed 
depends not only on the amount of resistance overcome, but also uj)on the 
amount of time utilized in accomplishing a given task. Work is measured 
in horse])ower for convenience. It Avill take one horsei^ower to move 
33,000 pounds 1 foot in one minute or 550 ])ounds 1 foot in one second. 
The same work Avoiild be done if 330 pounds were move*! 100 feet in one 
minute. It requires a definite amount of ])ower to move an automobile 
over tke ground at a certain s])eed, so it must take ])ower to overcome re- 
sistance of an air])lane in the air. Disregarding the factor of air dc'iisity, it will 
take more power as the speed increases if the weight or r(‘sistance remains con- 
stant, or more power if the speed remains constant and the resistance increases. 

The airplane is sui)]>orted by air reaction under the planes or lifting 
surfaces and the value of this reaction depends u])on the shaj)e of the aero- 
foil, the amount it is tilted and the si)eed at which it is drawn through the 
air. The angle of incidence or degree of wing tilt regulates the ])ower re- 
quired to a certain degree as this affects the sf)eed of horizontal flislit as 
well as the resistance. Resistance as Ave have previously considered may 
be of tAvo kinds, one that is necessary and the other that it is desirable to 
reduce to the lowest ])oint ])ossible. There is the Aving resistance and the 
sum of resistances of the rest of the machine such as fuselage, struts, Avires, 
landing gear, etc. ]f we assume that a certain air])lane offered a total re- 
sistance of 300 ])ounds and we wished fo drive it through the air at a 
speed of 60 miles per hour, we can find the horse]H)wer needed by a very 
sini])le computation as follows: 

The product of : 300 i)ounds resistance times si)eed of 
88 feet per second times 60 seconds in a minute 

H.P. needed 

divided by 33, (XX) foot-])ounds per minute in one horse- 

])ower 

The result is the horsepower needed, or 300 X ^8 X (>0 
48 H.P. 


33,000 
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JUvSt as it takes more power to climb a hill than it does to run a car 
on the level, it takes more power to climb in the air with an airplane than 
it does to fly on the level. The more rapid the climb, the more power it 
will take. Naturally the resistance is greater when climbing. If the re- 
sistance remains 300 i)onnds and it is necessary to drive the plane at 90 
miles per hour, we merely substitute proper values in the above formula 
and we have 

300 ])()unds times 132 feet ])er second times 60 .seconds in a 

minute 

33,000 fo()t-])()un(]s ])er minute in one horsepower 

'Phe same results can be obtained by dividing the product of the resis- 
tance in pounds times si:)ec(l in feet ])er second by 550, which is the foot- 
]H)unds of work done in one second to equal one horsei)ower. Naturally, 
the amount of propeller thrust measured in pounds necessary to drive an 
airplane must be greater than the resistance by a substantial margin if the 
])lanc is to fly and climb as well. 

]R\sides the limitations jdaced on the size and weight of aircraft another 
limitation, the lift-drag ratio of the airfoils, must be kept in mind con- 
stantly. In any given airplane this ratio determines how much lift is 
available for useful load after the weight of the complete airplane has been 
])rovided for. A\dien choosing a ])ower ])lant, the two most important 
values are the ])ounds ]H;r horse])ower and the horsepower times the sf)ecific 
fuel-consumption. h'\ery ])ound which can be saved in the power ])Iant 
])erniits not 1 but 3 ])ounds to be added to the useful load, because 1 pound 
can be taken from the structure necessary to carry the ])ound saved and 
another pound comes out of the wing structure necessary to support the 
2 ]’)ounds so saved. This saving in weight and size will then reduce the 
])ower re(|uired to ])ro])el the airplane, which result is directly convertible 
into increased i)erformance, greater range or a still further reduction in 
weight due to the reduction in fuel carried, tankage, and the like. Any 
decrease in the s])eciflc fuel-consum])tion effects a similar improvement in 
the entiu'. airi)lane. This is of greatest value in long-range aircraft, in view 
of the fact that modern engines burn their weight in fuel in 3 to 5 hours. 
It is generally accei)ted that, due to the sa\ ings in w^eight, size and fuel- 
consumiition made ])ossible by the us(‘ of air-cooled engines, any given duty 
can be done wdth 75 i^er cent of the i)ower that w^ould be required with a 
water-cooled i)ow^er ])lant. Air-cooled engines were the first to propel an 
airplane over the North Pole, the first to stay in the air in an airplane for 
over 5 hours wdthout refueling and the first t(» fly over the Phiglish Channel, 
a feat that w^as acconqilished nearly twenty years ago. The most recent 
and spectacular record made by an air-cooled engine was the propulsion 
of the ]^yan monoplane driven by Cajitain Charles Lindbergh from New 
York to Paris in one “hop” lasting over 33 hours, during which time 3,800 
miles w^ere covered without a stop by a Wright 220 horsepow^er nine 
cylinder radial engine. 

Airplane Engine Forms. — Inasmuch as numerous forms of .airplane en- 
gines have been devised, it would require a volume of considerable size to 



264 


MODERN AIRCRAFT 


describe even the most important developments of recent years. A rela- 
tively brief review of the features of some of the most successful airplane 
motors should suffice to give the reader a complete enough understanding 
of the art so all types of engines can be readily recognized and the advan- 
tages and disadvantages of each type understood. 

Aviation engines can be divided into three main classes. One of the 
earliest attempts to devise distinctive power plant designs for aircraft in- 
volved the construction of engines utilizing a radial arrangement of the 
cylinders or a star-wise disposition. Among the engines of this class may 
be mentioned the Anzani, in its various forms. These are air-cooled. En- 
gines of this type have been built in cylinder numbers ranging from three 
to twenty. While the simple forms were popular in the early days of 
aviation engine development, they have been succeeded by the more con- 
ventional ararngements Avhich now form the largest class. A wide variety 
of engine forms built for airj)lane use are shown in outline in the illustra- 
tion at Fig. 109, re])roduced from the S. A. K. Journal. The reason for the 
arloption of a star-wise arrangement of cylinders, shown at Fig. 110, has 
been previously considered. Smoothness of running can only be obtained 
by using a considerable number of cylinders. The fundamental reason for 
the adoption of the star-wise disposition is that a better distribution of 
stress is obtained by having all of the piwStons acting* on the same crank- 
pin so that the crank-throw and ])in arc continuously 'under maximum 
stress. Some difficulty has been experienced in lubricating the lower 
cylinders in some forms of six-cylinder, rotary crank, radial engines, but 
these have been largely overcome so they are not as serious in practice as 
a theoretical consideration would indicate. Very efficient nine cylinder air- 
cooled radial engines are now built by the Wright Aeronautical Corpora- 
tion, known as the Whirlwind, and smaller two and three cylinder forms 
are also built by this firm. Pratt and Whitney Aircraft Comi)any also 
build successful radial engines as do the Curtiss Company. 

Another class of engines developed to meet aviation requirements is a 
complete departure from the preceding class, though when the engines 
are at rest it is difficult to differentiate between them. This class includes 
engines having a star-wise disposition of the cylinders but the cylinders 
themselves and the crankcase rotate and the crankshaft remains sta- 
tionary. The im])ortant rotary engines are the Gnome, the Le Rhone and 
the Clerget. By far the most important classification is that including en- 
gines which retain the ai)proved design qf the types of power plants that 
have been so widely utilized in automobiles and which have but slight 
modifications to increase reliability and mechanical strength and produce 
a reduction in weight. This class includes the vertical engines; the Mer- 
cedes, Benz, and llall-Scott six-cylinder vertical engines and the numer- 
ous eight- and twelve-cylinder “V*’ designs such as the Curtiss, Renault 
and Liberty. 

Number of Engines Used. — The increase in size of modern aircraft has 
called for a different consideration of the power plant problem than ob- 
tained in the past when plane sizes were limited and one engine sufficed to 
do the work. One im])ortant factor that the airplane designer, and even the 
airship designer must consider is the number of engines he will use to 
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obtain the power required. A very interesting discussion of this subject 
appeared in the Engineer, a London publication and it is reproduced in 
part because it goes into the matter from a historical point of view as well 
as considering latest practice. 

At the outbreak of the war, the idea of constructing planes to be driven 
by two engines had been l^roachcd and discussed, detailed designs had 
been made for such machines and their power plant equipment, experi- 
ments had been conducted, and several multiple-engined airplanes had 
been constructed. Nevertheless, it was not until June, 1915, that informa- 
tion was received of the definite appearance at the front of a twin-engined 
, German airplane. Although the Germans were thus, apparently, the first 
to employ such a machine for active military service, they were probably 
anticipated as regards actual construction by the French twin-engined 
Cadron biplane and the British twin-engined Dyott machine. The 
last-named, it is interesting to note, was actually designed before the war 
and in many respects anticii)ated the design of the German Gothas of 1917. 
It was built in 1915, and subsequently flew successfully, although it failed 
to receive official approval. 

The three-engined airplane had also received some attention when the 
war broke out, notably so from the Italian Caproni, who, in 1914, built and 
flew a biplane equipped with two 80-hp. tractor engines and a 90-hp. pusher 
engine. Su])sequently, in 1915, the same designer built a successful biplane 
fitted with three 150-hp. engines and later built large triplanes with three 
engines. A Caproni three-engine bi])lanc is shown at Fig. Ill and a three- 
engine triplane at Fig. 112. As the war progressed and the demancT arose 
for heavy bombing machines, the twin-engined airplane took a permanent 
l)lace in the aeronautical services of all the belligerents. Of these, the 
Gotha with two 260-hp. engines and the Handley-Page with two 350-hp. 
units may be taken as ty])ical. 

Toward the end of the war the four-engined machine had definitely ap- 
peared, and was being built in considerable numbers, in England, at least, 
while a fivc-engined German machine was brought down in France in 
August, 1918. Since the armistice was signed, the four-engined machine 
has become quite familiar, and the development of the five-engined design 
has progressed to the extent that there is now in existence a large British 
seaplane equi]:)]jed with five Rolls-Royce engines which has flown success- 
fully. Re])orts indicate that airplanes with eight engines are to be built 
in England and ten-engine seaplanes of very large dimensions are pro- 
jected in Germany. 

The airplane power plant problem at the present moment is a peculiarly 
complicated one, and in no respect is its complexity greater than in 
multiple-engined machines. A very strong reason for fitting an airplane 
with more than one engine, at least so far as civilian flying is concerned, 
is, of course, the increased safety insured by so doing. With a twin- 
engined machine the chances of both failing before a safe landing can be 
effected are now very small. During the war, it may be said by way of 
illustrating this remark, a Handley-Page bomber as a result of a direct hit 
had its lower wings reduced to shreds and tatters and one of its engines 
put out of action ; yet this machine flew back 60 miles to its airdrome, and 
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lig'hted there safely. With a three-eng-ined machine, it may be taken that 
all chances of having to make a forced landing as a result of engine trouble 
developing are eliminated. A four-engined air])Ianc possesses the same 
characteristic, and with something over. Indeed, it can be asserted that as 
regards the avoidance of forced descents the four-engined machine pos- 
sesses a factor of safety which is, or should be, satisfactory to all con- 
cerned. To increase the number of engines above four on the grounds of 
safety is clearly su])erogatory. 

Setting aside such cases, if there be any, in which the multiplicity of 
engines is dictated by a desire to utilize existing stocks left over from the 
war ])rogram, it might be suggested that several small units are preferred 
to one or two larger units because the design and production of the former 
have been brought to a considerable degree of perfection, whereas the 
large aircraft engine possessing an equal trust worthiness has yet to be 
built. So far as air-cooled engines are concerned, it may be true that 
large units are not installed because large units are not yet available. On 
the other hand, the largest size at present made, Ave have recently seen an 
air-cooled engine develo])ing 500 b. hp., is sufficient to effect a reduction of 
some 25 per cent in the number of engines fitted on the four-engined 
Haiidley-Page machine. 

Water-cooled engines of 500 hp., such as the eighteen-cylinder, three- 
row Sunbeam, have been manufactured in England for .some time, while 
single engines of 1,000 h]). are within reach of ])resent-day ])roduction. In 
sup])ort of the latter assertion, it may be said that a twelve-cylinder Liberty 
engine has, under s])ecial conditions, developed 526 hp., and that a twenty- 
foiir-cylinder engine of the same design has been made recently and tested 
with satisfactory results though it did not produce twic^ the power of a 
twelve-cylinder. 

It seems clear, then, that the tendency to multi])ly the engine units on 
an airplane cannot be set down wholly to a deficiency of large powered en- 
gines. The true reason, or a large part of it, for adopting a multiplicity of 
engines lies, in fact, not with the aircraft engine builder, but with the 
makers of the airj)lane itself and of its proi)ellers. The eight-engined sea- 
plane referred to will i)robably have a horse])OAver of nearly 3,000. Even 
were a thoroughly trustworthy 1,000-h]). aeronautic engine available, it is 
doubtful if in the present state of the aircraft building art the designers 
would have chosen to do other than employ eight small engines rather 
than three large; for by splitting up the power between a number of units, 
they effect a corresponding distribution of the flying stresses in the struc- 
tural i)arts of the machine. l'\irther, it can be asserted that the air])lane 
propeller ca])able of using 1,000 hp. on a scale of efficiency comparable with 
that manifested by smaller existing propellers has yet to be designed and 
made. It is to be noted that, as Avitli the marine proj^eller, the higher the 
engine si)ecd the more difficult is it to provide a pro])eller Avhich will utilize 
the available power efficiently, and that aeronautic engine builders are 
already sacrificing something to meet the short-comings of the propeller 
by fitting reduction gearing on their higher speed engines. Thus the Rolls- 
Royce, Sunbeam, Hisj)ano and Cosmos engines, all of which run at or over 
2,000 r.]).m., are forced to employ reduction gearing, of approximately p 
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5 to 3 ratio, l)ecause of the present impossibility of obtaining propellers 
capable of utilizing the full speed economically. 

At the present stage of development, the weight per horsepower of an 
engine does not actually vary in proportion with the ])ower. That is to 
say, present day low powered engines weigh per horsei)ower, more than 
the larger engines. The effect of this upon modern design will be that a 
plane requiring a given i)ower, if it is to incorporate the three-engine prin- 
ciple, will have a smaller amount of pay-load carrying ca])acity than a 
similar single engine plane of equal horsepower, though this deficiency will 
probably not be very great. Aero<lynamical considerations favor a single 
engine because it is obvious that it will offer less parasitic resistance than 
three independent engines. On the other hand, the almost complete free- 
dom from forced landings will be very im])ortant to air transport and, in 
fact, to all forms of aerial service. It seems safe to ])redict, therefore, that 
the three-engine airplane will be an absolute necessity to the successful 
operation of a passenger carrying air transport project. In such a case a 
passenger airliner will be equipped with three small engines preferably air- 
cooled together totaling the required maximum horse])ower necessary for 
taking oft and climbing, or in making headway against the highest head- 
winds wdiich might be met with. Under normal conditions the plane w^ould 
be flowm on two-thirds or three-quarters throttle for all engines, just as 
in a single engine plane, but in the event of failure of any one engine, the 
powder of the other tw'o at full throttle will be sufficient to maintain level 
flight until the plane reaches its destination. ^ 

The parasitic resistance that obtains wiien three radial cylinder air- 
cooled engines arc used for ])ow'cr can be greatly reduced by pro]>erly 
streamlining the engine sup])orts, especially those of the outboard engines 
as properly housing the engine mounted in the fuselage offers no par- 
ticular difficulty. The outboard engines of the Fokker air])lane are carried 
below the monoplane wu'ng structure as showm at Fig. 113. The engine is 
almost entirely enclosed in a metal cowding and only the cylinder heads 
and upi^er portion of the cylinders project into the air stream. This view 
show\s details of attachment by tubular struts to fittings on the wing beams 
or siiars. The points of attachment form a triangle, there being tw^o V 
shaped struts in front and one in the rear, the apex being fastened to the 
wing. 

A recently announced three-engined Junkers jilane has jiassenger ac- 
commodation for tw'elvc and is fitted wdth three engines developing 280 
horsepow^er each, or 840 horsepower in all, is, said to be in regular opera- 
tion over the newdy established Elbe route from Hamburg to Dresden. 
The powder available in this design is of the order of 70 horsepow^er per 
passenger with all engines at full throttle, a condirion wdiich wdll not be 
present in cruising because one of the advantages of a Iri-molor plane is 
that the full jiower of all engines will not be normally recpiircd. Assum- 
ing a cruising condition at three-(iuarters throttle, this figure becomes 52 
horsepow^er per passenger. Now^ comparing these figures wdth those of 
an efficient single engined commercial airplane, it is possible to formulate 
some idea of the actual price to be paid for the safety and reliability fea- 
tures joined in the three-engined design. The De Haviland 54, fourteen 
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passenger plane, put in service by Imperial Airways, on the London-Paris 
route, is fitted with an engine rated at 600 horsepower which at full throttle 
represents 43 horsepower per passenger, while cruising on three-quarters 
power will put this figure at 32 horsepower per passenger. The single 
engined plane, it must be remembered, is liable to let its load of passengers 
down at any minute either over the water or the land, and though it must, 
and frequently does when such an event hapi)ens, land with perfect safety. 
On the other hand, we have the three-engined plane, capable of continuing 
flights with any one engine stopped, placing the reliability of travel by air 
upon a sound basis. And it will be seen, that the price to be paid for 
safety though not by any means small, is certainly not excessive and as 
such planes are further developed aerodynamically it is possible that it will 



Fig. 113. — How Outboard Whirlwind Motors are Installed in the Fokker F VII Tri- 
Motored Monoplane. Note Effective Cowling and Streamlining, also Use of Metal 
Propeller with “Spinner” over Hub to Provide Good Streamline Entry for Power Plant. 

not be more than IS to 20 horsepower per passenger. Even if the cost of 
transportation was higher than in single engine planes, it is reasonable to 
assume that the promise of almost absolute safety from accidents due to 
engine failure would be enough to charge ])assengers a slightly higher rate, 
and that no reasonable ])crson would refuse to i)ay more for transport in a 
safe plane, considering the excess tariff in the nature of insurance. 

Airplane Engine Installation. — The i)roi)er installation of the airplane 
power plant is more important than is generally supjxxsed, as while these 
engines are usually well balanced and run with little vibration, it is neces- 
sary that they be securely anchored and that various connections to the 
auxiliary parts be carefully made in order to prevent breakage from vibra- 





AIRPLANE POWER PLANT TYI'ES 269 

tion and that attendant risk of motor stoppage while in the air. The type 
of motor to be installed determines the method of installation to be fol- 
lowed. As a general rule the six-cylinder vertical engine and eight-cylinder 
type are mounted in substantially the same way. The radial, fixed 
cylinder forms and the radial, rotary cylinder Gnome and Le Rhone rotary 
types require an entirely different method of mounting. The usual form 
of engine bed for a fixed C 3 dinder engine is shown at Fig. 116. 

In a number of airplanes of the tractor-bij)lane tyi)e the power plant in- 
stallation is not very much different than that which is found in automobile 
practice. The illustration at Fig. 118 is a very clear representation of the 
method of mounting the Curtiss eight-cylinder 90 H.P. 0x5 engine in the 



Fig. 114 .— Anzani Ten-Cylinder Engine Installed in Fuselage. 
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fuselage of the Curtiss tractor-biplane which was so generally used as a 
training machine and which is still in use by many civilian flyers. It will 
be observed that the fuel tank is mounted under a cowl directly behind 
the motor and that it feeds the carburetor 1)y means of a flexible fuel pipe. 
As the tank is mounted higher than the carburetor, it will feed that mem- 
ber by gravity. The radiator is mounled at the front end of the fuselage 
and connected to the water i)iping on the motor ])y the usual rubber hose 
connections. An oil i)an is placed under the engine and the top is covered 
with a hood just as in motor car practice. Panels of aluminum (not shown 
in cut) are attached to the sides of the fuselage and are sip^plied with doors 



Fig. 115. — Showing Engine Installation in Monocoque Fuselage. 


which open and jmovide access to the carburetor, oil-gauge and other parts 
of the motor iXMjuiring inspection. A complete installation with the power 
plant enclosed is given at Fig. 115, and in this it will be observed that the 
exhaust ])ii)cs arc connected to discharge members that lead the gases 
away toward the rear of fuselage. In the engine shown at Fig. 118 the 
exhaust flows directly into the air at the sides of the machine through 
short pipes l)oltcd to the exhaust gas outlet ports. The installation of the 
radiator just back of the tractor screw insures that adequate cooling will 
be obtained because of the rapid air flow due to the propeller slip stream. 
The engine installed in the airi)lane shown in Fig. 110 B is a four-cylinder 
tyj)e and the radiator is mounted above the motor instead of in front, a 
method of installation that is seldom followed on the later type airplanes 
where every effort is made to use radiators streamlined either into the 
fuselage or wing section to reduce parasitic resistance. The method of 
radiator mounting shown at Figs. 115, 118 and 119 B are practical ones for 
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relatively low speed training planes, but the exposed frontal area is so 
large that one must employ some other type of radiator where high speeds 
are desired without undue expenditure of engine power. Attention is di- 
rected to the radiator location on the Curtiss Hawk seaplane shown at 
Fig. 119 A. It is carried below the fuselage and well back in the slipstraim. 

Radiator Location Important. — Samuel R. Parsons, of the U. S. Bureau 
of Standards, in a paper read before the S. A. E. considers the location of 
the radiator and its influence on power required or absorbed to overcome 
its resistance and also the effect on heat dissi])ation of various radiator 
locations. In considering the i>erformancc of the radiator, it is convenient 



Fig. 116. — Engine Bed Construction in Typical German Airplane, 


to divide the possible positions in which it can be mounted on the plane 
into three classes (a) unobstructed, in which the flo\v of air through and 
around the radiator is unafrected by other parts of the plane; (b) ob- 
structed, in which the flow of air through the radiator is reduced by the 
effects of other parts of the ])lane; and (c) slii)stream positions, in which 
the blast from the propeller blows over the radiator. It will be noted that 
slipstream positions include both those that would be obstructed, except for 
the propeller, and those that would be unobstructed. 

The fundamental requirement for a radiator for an air])lanc engine is 
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that it shall maintain the temperature of the water in the cylinder jackets 
within a limited range. In so doing it must dissipate heat under condi- 
tions that vary between wide limits. The speed of the airplane and con- 
sequently the rate at which air passes through the radiator are much 
greater for level flight at full throttle than for maximum rate of climb. 
Atmospheric temperatures vary widely between summer and winter, and 
between the ground and great altitudes; also, the density of the air falls 
oflf rapidly with altitude, being about one-half as great at 20,000 feet as at 
the ground. If a supercharging engine is used, the maximum speed of level 
flight may be considerably higher at great altitudes than near the ground. 



Fig, 118. — How 0X5 Airplane Engines are Installed in Fuselage, Using Nose Type 

Radiator /or Cooling. 

With the use of supercharging engines, the most severe conditions for 
the radiator may occur at great altitudes. .Since in general the most severe 
conditions for the radiator are those of climb at the maximum rate near 
the ground, the radiator is usually designed for this condition and i)r()vided 
with some means for shuttering, to control its cooling ca])acity when under 
less severe conditions. But while a ca])acity for dissipating heat to the 
atmosphere is the ])rimary requirement of the radiator, it becomes neces- 
sary in aeronautic work to give very careful consideration to the eflfects 
of the radiator on the air])lane. First, it adds somcAvhat to the weight to 
be carried; second, it adds considerably to the air resistance of the air- 
plane. That is, more pt)wcr is re(|uired to drive the ])lane than would be 
needed if it could be oi)crated without a radiator. The force required to 
push the radiator through the air, called its head resistance, is considerable 
at high speeds. For many of the types of radiator submitted for aero- 
nautic use it is so great that if an airplane were driven at 120 m.p.h., a 
radiator large enough to cool the engine would absorb from 12 to 15 per 
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cent of its power. The radiator causes absorption of power in two w'^ays, 
in carrying its weight and in overcoming its head resistance. It also has 
other adverse effect on the plane, among which are (a) obstruction of the 
pilot’s view, (b) modifications in inlernal construction of the fuselage to 
accommodate the mounting of the radiator, and (r), in military machines, 
liability to injury from hostile fire. 

Resistance of Radiators. — 1'hc head resistance of the radiator can be 
assumed, for usual ])ur])oses, i)r()i>(.)rlional to the square of the flying speed 
and to the density of the air. For unobstructed i)ositions it may be repre- 
sented by the c(juation 

Jv = bp V“ where 

R == the head resistance in ]H)imds per s(|uare foot, or kilograms 
])er square meter, of frontal area 

V = the air])lanc speed in miles ])er hour, or in meters ])er second 

p the air density in pounds per cubic foot, or grams per cubic 
centimeter 

b = a constant for each type of radiator. 



Fig. 119A. — Curtiss Hawk Seaplane, Navy Type F 6C-2 has Effective Radiator Placing. 
Note Streamlining of Engine Giving Minimum Resistance at Front End of Fuselage. 


The value of b ranges between \ery wide limits. If the Ihiglish units are 
used, for cellular radiators Avith straight-sided air tubes, it ranges from 
0.(X309 for cores with very large free area to 0.0()2v3 for ty])es Avith very small 
free area; for fin-and-tube radiators, unless very open, it exceeds 0.0020; 
and for irregular tyj)es a\ ith turbulence vanes it may run as high as 0.0026. 
The corresponding values for the metric units are res])ectively 1.4, 3.5, 3.1 
and 4.0. 

When the radiator is placed in the nose of the fuselage as in Figs. 115 
and 118 the head resistance chargeable to the radiator, meaning the differ- 
ence between the head resistance of the comi)lete air])lanc and the resis- 
tance that it might have had if it could have been designed without a 
radiator, is in general very large and, for a given flying speed, the head 
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resistance chargeable to the radiator increases with increase in air flow. 
It is considerably greater for a radiator placed in the nose of the fuselage 
than when the nose of the fuselage is streamlined and a radiator of equiva- 
lent cooling capacity is jdaced in an unobstruct(*d ])osition as in iMg. 119 A. 
A radiator placed in the wing increases, in general, the resistance, or drag, 
of the wing, but the increase is not large and there may even be a decrease 
at certain angles of attack. The radiator, unless shuttered, will inevitably 
decrease the lifting power of the wing because no vaccum lifting effect is 
present above that section of the Aving Avhcrc the radiator is installed and 
very little positive lift is obtained because of air flow through the radiator. 

If the radiator is placed in the sli])stream, the head resistance chargeable 
to it is probably a]q)roxiniately equal to what it would be if the propeller 
could be removed and the airplane driven by some other means at such a 
speed as would give the same speed of air relative to the radiator. If this is 
true, the assumption that the speed of the slipstream relative to the radia- 
tor is from 20 to 25 per cent greater than the flying speed Avould apply to 
head resistance as Avell as it does to air How. Since head resistance varies 
as the square of the sj^eed, an increase of 20 per cent in speed results in an 
increase of 44 per cent in resistance. The effect of the swirl of the slip- 
stream is similar to that of yawing the radiator, which is to increase the 
liead resistance for unobstructed positions and for positions that Avould 
be unobstructed* but for the i)roi>ellcr. For positions that would be ob- 
structed Avithout the pro])elIer, as in the nose of the fuselage, the effect of 
the SAvirl of the slipstream is to make the air floAv someAvhat les^ than it 
Avould be if there Avere no swirl and, since for such positions the head re- 
sistance chargeable to the radiator increases with increased air flow, the 
effect of the swirl jirobably compensates to a slight extent for the effect of 
the increased s]:)ced of air due to tlie ])ro])cller. 

Power Absorbed by Radiator. — .Since in this pajier the power absorbed 
is reduced to unit frontal area, the statements a]q)ly to the power absorbed 
by a given radiator, rather than to the ])ower absorbed in cooling a gi\'^en 
engine. The ])oAver alxsorbed is composed of two ])arts: that due to head 
resistance and that due to weight. Since the head resistance varies ap- 
liroximately as the square of the flying s])eed, and the ])ower can be 
measured by the product of a force and a velocity, the poAver absorbed 
due to head resistance varies ap])roximatelY as the cube of the speed. 
.Since, how^ever, the Aveight is sustained by a “lift” on the Avings, which 
is a constant and ecjual to the weight, and since this is accompanied by 
a “drag” that is jiroportional to the lift for a given angle of attack, the 
power absorbed due to weight is more nearly ])ro]jortionaI to the first 
pOAver of the speed, and is (le]^endent ui)(>n the li ft/drag ratio of the air- 
plane. The poAver absorbed can be conqiiUed fronl the equation 



P = the power absorbed in horsepoAver ]>er square foot, or kilowatts 
per square meter, of frontal area 
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R « the head resistance in pounds per square foot, or kilograms per 
scpiare meter, of frontal area 

w = the weight of the core and the contained water in pounds per 
square foot, or kilograms per square meter, of frontal area 

r ^ the lift/drag ratio of the airplane 

V «« the flying speed in miles per hour, or meters per second 

k a conversion factor which is 0.00267 for the English units and 
0.00980 for the metric units. 

For speeds below 60 ni.p.h., or 30 meters per second, the weight is of 
considerable importance in com])ari.son with the head resistance, but as 
the speed increases it becomes relatively less im{)ortant for speeds as high 
as ICX) m.p.h., or 45 meters i)er second, llic difference in weight between 
one radiator and another is of but small importance. Attention is called to 
the three classes of positions already defined. The unobstructed positions 
have the following advantages: 

(1) Except for the effects of the slipstream, the airflow through the 
core, and consec|uently the heat transfer, are greater for unob- 
structed than for obstrticted ])ositions. 

(2) The head resistance chargeable to the radiator is considerably less 
for unobstructed ])ositions than for positions in the nose of the 
fuselage, in the wing or inside of the fuselage. The effect of the 
slipstream is to increase the head resistance of a radiator that 
would otherwise be unobstructed. 

(3) Since airflow is greater in unobstructed than in obstructed 
positions and, therefore, heat transfer per unit frontal area is 
greater, it follows that the weight -of a radiator may be less for a 
given cooling ca])acity when in an unobstructed than when in an 
obstructed position. 

(4) With reduction both in weight and in head resistance chargeable 
to the radiator, the ])ower absorbed chargeable to the radiator is 
reduced by placing the radiator in an unobstructed position, rather 
than in an obstructed position. 

(5) With both increase in heat transfer and decrease in power ab- 
sorbed, the figure of merit of an unobstructed radiator is consider- 
ably greater than that of the same type of radiator in an obstructed 
position. 

The location of the radiator in the nose of the fuselage is objectionable 
because of very large absor])tion of power for a given cooling capacity. 
Not only is the resistance of the airplane much greater with a nose radia- 
tor than with the nose properly streamlined and an unobstructed radiator 
of equivalent cooling capacity added, but the airflow through the core is 
so low that with engines of the higher powers it becomes necessary to 
enlarge the fuselage to accommodate a nose radiator of sufficient size to 
cool the engine. The performance of a radiator in the wing as shown in 
Fig. 120 has not been thoroughly investigated because of experimental 
difficulties, but enough data are available to show that the airflow, and 
consequently the heat transfer, arc very low for a given flying speed, while 
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115B. — How Early Hall-Scott Airplane Engines were Installed in Standard Train- 
ing Plane. Note Vertical Radiator Placed above the Engine. 

the effect on the wing as such can only 1)c delriinental. Sonietimes, the 
radiator is mounted in the center section and is built into the center section 
upper wing leading edge as shown at Fig. 120 A. 

Heat transfer depends upon the teini)eraturc difference between the 
air and the water; (h) the rate of flow of air through the air pasages, and 
(r) the rate of flow of water through the water ])assages. 

For the teiii])eratures iii\olved in the use of water-cooled radiators, heat 
transfer can be assumed to be ])ioportional to the ni(*an tcni])erature differ- 
ence between the air and the water. For practical pur])oses it can be re- 
garded as i)roportional to the difference between the average of the tem- 
peratures of the water at entrance and exit and the temperature of the 
entering air. For a given temperature difference between air and water, 
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Fig. 120. — Various Practical Radiator Locations when Water-Cooled Engines are 
Used for Power. A — Radiator for Center Section Top Wing Leading Edge and its 
Installation. B — Le Pere Plate Type Radiator to be Set in Wing. C — Experimental 
Wing Curve Radiator Showing its Placing between Front and Rear Spars. D — Wing 
Curve Radiator Used on German Albatross Airplanes. E — Application of Side 
Radiators to Early Training Plane. 

the heat transfer increases with the rale of waterHow, wlien tlu* rate is low 
Init, at the rates coninionly u^ed in aeronautic jiractice, heat transfer is not 
far from the inaximiini than can lie obtained willi chant^^e in waterflow and 
can he regarded as practically independent of lliat rate. 



AIRPLANE POWER PLANT TYPES 


279 


The special types of core include radiators made of water tubes in the 
form of flat ho]lo^y plates placed edg^ewise to the air stream and with no 
indirect cooling surface. This type shown at Fig. 120 has l)eeii shown to be 
markedly superior in respect to heat dissipation per liorsepower absorbed, 
over the ordinary types of cellular radiator for use in unobstructed posi- 
tions on planes flying at tlio higher speeds. The mechanical weakness of 
the flat-plate ty])e is an inherent disadvantage, l)ut one that can doubtless 
be overcome. Radiators of the fin-and-tul:)C ty])e show very high head 
resistance and low airflow ; for this reason they are unsuited for general 
aeronautic use. 

The free area is the fractional part of the frontal area of the core that 
is open for the ])assagc of air. 1^'or use in unol)struclcd positions a large 



Fig. 121. — How Wright Whirlwind Air-Cooled Radial Engine is Installed in Fokker 

Universal Monoplane. Note Method of Exhaust Gas Disposal and Silencing. 

free area is desirable to increase the airflow and decrease the head resis- 
tance, and should be sacrificed only for the sake of compactness of the 
radiator. Means of adjusting the amount of radiation while in flight pos- 
sess considerable advantage. This adjustment may be made in two general 
ways: By regulating the flow of water through the radiator with the aid of 
a by-pass. By regulating the flow of air through the radiator. Both 
methods have been used successfully, but the first introduces the danger of 
freezing the water in the radiator. 

The second method may l.)e apidied in various ways: By the use of 
shutters in front of the radiator. By drawing the radiator j^artly inside of 
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th€ body of the machine. By pivoting the radiator so that it may be set 
at varying angles to the air. 

No one of these methods can l)e selected as the best since the choice 
of any one is dei)cndcnt upon the installation of the radiator. In the case 
of a radiator located on the fuselage nose, the shutter system is the most 
suitable, as the resistance of the body is decreased when the shutters are 
closed. 

Standard S. A. E. Engine Bed Dimensions. — The Society of Automo- 
tive Engineers have made efforts to standardize dimensions of bed timbers 
for supporting power ])lant in an air])lane. Owing to the great difference 


in length no standardization i^ 

^ thought 

possible in 

this 

regard. 

The 

cli- 

mensions recommended are as 

folloAVS : 






Distance between limbers 


12 

ill. 

14 in. 

Id 

in. 

Width of bed timbers 


1'^ 

\i in. 

l.)4 in. 

2 

in. 

Distance between centers of bolls.. 


\.V/ 

.* in. 

in. 

18 

in. 


It will be evident that if any standard of this nature were adopted by en- 
gine builders that the designers of fuselage could easily arrange their bed 
timbers to conform to these dimensions, whereas it would be difficult to 
have them adhere to any standard longitudinal dimensions which are 
much more easily varied in fuselages than the transverse dimensions are. 
It, however, should be ])ossibIe to standardize the longitudinal positions of 
the holding down bolts as the engine designer would still be able to allow 
himself ^considerable space fore-and-aft of the bolts. 

Installing Rotary and Radial Cylinder Engines. — ^When rotary engines 
are installed simple steel stamping or ‘"spiders’^ are attached to the fuse- 
lage to hold the fixed crankshaft. Inasmuch as the motor projects clear 
of the fuselage proper there is plenty of room back of the front spider plate 
to install the auxiliary parts, such as the oil pump, air pump and ignition 
magneto and also the fuel and oil containers. The diagram given at Fig. 117 
shows how a Gnome “monosoupape” engine is installed on the anchorage 
plates; and it also outlines clearly the piping necessary to convey the oil 
and fuel and also the air piping needed to ])ut pressure on both fuel and 
oil tanks to insure positive sup])ly of these liquids, which may be carried 
in tanks placed loAvcr than the motor in some installations. The simple 
mounting possible when the Anzani ten-cylinder radial fixed t 3 q)e engine 
is used is given at Fig. 114. The front end of the fuselage is provided 
with a substantial pressed steel ])late having members projecting from it 
which may be bolted to the longerons. The bolts that hold the two halves 
of the crankcase together project through the steel plate and hold the 
engine securely to the front end of the fuselage. The installation of a 
Wright nine-cylinder. Whirlwind engine at the front end of the fuselage 
of a Fokker '^universal'’ monoplane is clearly shown at Fig. 121. Rotary 
engines are practically obsolete because of the limited rotational speeds 
possible and also because of the power consumed in overcoming the air 
resistance to the rotating cylinders. The modern fixed cylinder radial 
engines are much more efficient and desirable power plants so it is doubt- 
ful if the rotary type will ever l)e used to any extent in modern airplanes. 
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(Note. — Engines running at speeds in excess of 1500 R.P.M. have a reduction gear for driving propeller.) 
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Fuel and oil weights were not included as many were unobtainable. 
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Saving weight is the most important characteristic of air-cooled engines 
for aviation. Air-cooled engines save directly the weight of radiator, pip- 
ing, water, pumps, shutters and radiator supports. Furthermore, there is 
saved in the plane structure itself the weight necessary to carry this Water 
radiation e(jiii])ment. This last saving is very important, as it runs from 
SO per cent to 1(X) per cent <>f the direct saving. For instance, compar^j 
the weights and ])erf()rniances of air-cooled vs. water-cooled, two-seater 
planes built by the Lhance X'ought C'orporation, both powered with Wright 
200 H.P. engines. The air-cooled plane saves 145 ])ounds on radiator, 
shutters, ])ii)ing and water and over 70 pounds more in plane structure. 
This weight saving has been a])])lied to give the air-cooled ])lane higher 
speed and greater radius, willnmt loss of ceiling or increase of landing 
speed. The air-c(K)led engine has increased the speed IS m.]).!]. or 15 per 
cent, and increased the cruising radius 150 miles or 51 jier cent, nothwith- 
standing the air-cooled planes carries 80 ]K)unds more e([ni])ment than the 
water-cooled ])lane. 

Air-cooling is as logical for airplanes as water is for marine engines. 
Its sinij)licity, on account of the direct cooling, results in added dependa- 
bility. This is the single most im])orlant reason for air-cooling. In addi- 
tion, a considerable saving of weight is effected that amounts to approxi- 
mately 0.7 ])(umds i)er horsepower in the total ])ower plant weight. In no 
other way, at ])fesent, can this amount of weight be removed from the 
power ])lant and at the same time increase its dc])endability. The reduc- 
tion in ])ower ])lant weight is reflected in the airplane, both in the structure 
of the fuselage and in the wing surface for a given loading. The reduc- 
tion in the gross weight of the air])lanc is of the utmost im])ortance for 
commercial oj'ieration, as it pro\ ides for carrying more pay-load with a 
given i) 0 \vcr ])lant. From a military standi)oint, this sa\ ing results in in- 
creased air])lane i^erformancc. In addition to increased dependability and 
reduced weight, the radial tyjie of air-cooled engine makes pc^ssible an 
acrodynamically superior and symmetrical fuselage, and gives a high center 
of thrust that allow s ample pro])eller-diameter. 

Cai)tain Robert VV. A. Brewer, a member of the vS. A. K. and an aero- 
nautical engineer of note with much ex})ericncc on ])ower ])lant design 
and installation recently published some observations on radial air-cooled 
engine installations in Aviation that should be of interest to the reader. 
He wrote, in ])art, as follows: 

'‘In arranging the installation of an air-cooled engine, ]n'o])er means 
must be i)rovided for getting rid of the hot air readily. 

As the type of engine under discussion has so much in its favor with 
regard to cost of production, case of overhaul, accessibility, etc., none of 
these advantages should be minimized by fitting an unsuitable mount and 
every consideration should l)e given to this aspect of the subject. There 
is, at present, no standardized method of mounting. Similar airi)lanes use 
different mounts and because the ])ossible adaptations are so wide, we 
cannot, at this period, set uj) a standard, and must be content with certain 
points for guidance. 

The engine maker rerpiires that; — 
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(1) The mount should be light and strong enough to support the en- 
gine without suffering from serious deflection under working con- 
ditions. It should be properly braced in all bays. 

(2) It must be rigid in itself to withstand the torque variations in the 
engine and any periodic vibrations in the mounting must not syn- 
chronize with any that the engine may have throughout its working 
range of s])eed. 

(3) The mounting must not set up stresses in the crankcase or in the 
ends of the fuselage. If attached by pins to the fuselage, the pins 
should have very ample bearing surfaces and ])referably be tapered 
and ground. 

(4) A spigot mounting ])latc, if used, should be true and a good fit. 

(5) There should be no interference with the accessibility of those parts 
or details which are likely to require attention periodically. The 
complete removal as a whole, of the engine and mounting or engine 
only, should be readily possible. This should only necessitate the 
disconnection of a few oil, gasoline lines, and the tachometer drive. 

A few details, due to Roy Fedden, designer of the Jupiter engine, are 
available and instructive with regard to weights. The following figures 
relate to the same airplane with different engines: 

RADIAL 

AIR-COOLED WATER-COOLED 


Lb, per b.hp. a. b. c. d. 

(Total installed weights) 2.00 2.89 3.21 2.74 3.35 

Per cent per b.hp. of weight 

of installation 100 144.5 160.5 137 167.5 


Another tabulation gives valuable details of the weights of mountings 
and cowlings: 


lb. /b.hp. lb. /b.hp. 
type mounting cowling 

two scaler 300 8 vcc W.C. .186 .116 

two seatcr 240 6 cyl. W.C. .22 .125 

two sealer 270 12 vee W.C. .144 .150 

two seater 300 9 rad A.C. .062 .049 

twin engine 380 9 rad A.C. .087 .073 


In small machines, the advantage of possible weight reduction can be 
fully taken for the radial engine for this is a favorable opportunity. Gen- 
erally, we find that some form of ring is provided for the immediate at- 
tachment of the engine. The ring is supported from the front of the 
fuselage by a system of struts suitably triangulated to give stiffness to the 
structure. Various forms of radial engine mounts suggested by Captain 
Brewer are shown at E'ig. 122. Thus, the engine can be held away from the 
fire bulkhead a sufficient distance not only to give free access to the acces- 
sories mounted at the rear of the engine, but also to provide enough room 
for the heated air to be led away in a free manner. In some installations 
a four point sup})ort is given to the ring by tubular members, while in 
others, where production (juantities are considered, pressings of steel or 



'Supporting Plate) 



Fig. 122. — Drawings Showing Five Different Forms of Radial Bngine Mounts for Various Forms of Fuselages. 
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duralumin provide a suitable and workmanlike set of supporting arms. In 
some arrangements the mounting ring is removable with the engine, while 
in others the ring forms part of the structure and the engine is removable 
from it. The swinging form of front mount is sometimes employed and, 
although it has not come generally in favor, it shows possibilities. The 
method of mounting a radial engine outboard is shown at Fig. 113 which 
also shows cowling and streamlining. 

When a radial engine is used as a replaccincnt on a plane designed 
originally for a straight-line engine, the recpiired ccnlcr of gravity position 
of the plane aulomatically calls for a considerable space between the rear 
of the engine and the fire liulkhcad. We arc thus led to the question of 
a suitable cowling. Generally, with radials as designed at this time, the 



Fig. 123, — Curtiss Hawk Navy Plane with Pratt and Whitney Wasp Motor Installed 
Showing Short Stack Exhaust Used on Service Planes. 

forward part of the cowling can be a more or less ])ernianent structure, 
as the position of the major accessories is usually at the rear. Many radials 
are designed so that the front cover plate gi\cs a good entrant form and 
scarcely requires a fairing. When this is so, oil-cooling by the slipstream 
can be taken advantage of. The rear ])art of the cowling niiisl have easily 
removable jianels between the engine mounting ])roi)er and the fire bulk- 
head. These should have ])roper stilTness and be so designed that local 
stresses are not set up as such as wouhl cause fracture due to vibration. 
The Curtiss Hawk Navy tyjie with Pratt and VVhitne}^ AVbasj) engine shown 
at Fig. 123 shows modern cowling jiracticc. Generally, this jiart of the 
cowling must, in the first instance, be made on the jol_). The design of 
proper catches or fasteners leaves much scojx* for tlu* designer. 1"hey 
shoidd be readily detachable and preferably be some ft>rm of safety catch 
which will stay in ])lace and which can be sunk into suitable de])ressi()ns 
in the plates. As to the extent (jf the cowling and the amount by which 
it should cover the cooling fills on the engine, much depends upon the kind 
of general service wdiich the jilane wall ha\e to till. Where much ground 
work and taxiing has to be done, the maximum air accessibility is desirable 
and the engine may be entirely Avithout coAvling as in the form shoAAUi at 
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Fig. 121. Some engines are too much cooled, so that almost complete 
cowling has been resorted to. 

There is an intermediate, and very successful system where helmet 
cowls are jirovided for the individual cylinders. Idiey have small front 
vizors and j)r()pcr outlets at the rear. Tt is (juite feasible to carry out some 
scheme such as this not only for individual cylinders but for the engine as 
a whole.'’ 

Combined with the matter of cowling, the handling of the exhaust is 
very important. There are two main considerations here, — nuisance from 
the noise and prevention of fire. It is apparently a moot ])oint Avhether 
the provision of an exhaust ring manifold does or does not diminish fire 
risk. However, in Ca])tain Prewer’s opinion, much de])en(ls u])on how the 
stack ])i])es leave the engine. Certainly the further they are from the car- 
buretor inlet the better, as flame from the exhaust is very readily drawn 
into the carburetor inlet if it comes at all near to it. 

Short stack ]u‘pes such as shown at Fig. 123 must be a nuisance to the 
pilot, particular!}^ in the dusk, and modern ju-ogress calls for some form of 
silencing the noise esj^ecially on jilanes intended for ])assenger transport. 
Probably the best ])lace for a ring manifold is in front of the engine and 
as near to the center as comlitions will jiermit. The design of a suitable 
system has been full of difficulty and Mr. f'tvlden tabulates some factors to 
be considered in this connection. 

(1) T.ight weight and the lowest drag ])ossible. • 

(2) The system must be of sufficient volume not to cause back pres- 
sure and damage to the valves. 

(3) There must be no sharp bends and the gases must not ])lay directly 
upon any i)art of tlie exjiaiision chamber. 

(4) The pi])es from the individual cylinders leading to the main cham- 
ber must be provided Avith flexible joints to allow for ex])ansion of 
the cylinder heads. 

(5) Welding to be used as little as jiossible and if necessary, riveting 
should be used as well. 

(t)) 44ie s}’st(‘m, as a whole, must be sufficiently rigid to withstand any 
serious distortion and robust enough for long seiwice. 

(7) 'The desitpi must be such that it can be producecl economically by 
])ress t(»ols and jigs. 

(8) The material must b(‘ such that it will resist corrosion. 

The general conclusions seem to ]H)int to the fact that the exhaust outlet 
from the engine should he at the side of the cylinder^ as from this location 
the stub ])ii)cs can be led forward or back. Proper air-cooling of the valve 
seats can be had, which is more difficult where the pipes lead out directly 
forward from the cylinder block. Outlets from the exhaust ring can con- 
veniently be two in number, — one on either side near the bottom. By this 
arrangement the gas can be led aw'ay from the carburetor and follow the 
lines of the fuselage. An interesting study of a ])ractical method of lead- 
ing away the exhaust gas is that used in the Fokker Universal, shown at 
Fig. 121. Here we find a combination manifold consisting of cast elhow^ 
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at the cylinder heads with cast junction fittings, these being joined to- 
gether with flexible exhaust tubing, the assembly terminating into a long 
exhaust discharge pipe carried under the fuselage. Not only are the ex- 
haust gases effectively disposed of and fire risk greatly reduced but a pro- 
nounced silencing effect is obtained with minimum back pressure. 

Designing Water-Cooled Engines Into Aircraft. — Most of the single 
engine airplanes of late design using water-cooled engines have power 
plants ranging from 400 to 600 horsepower, especially those intended for 
air mail or express or passenger carrying, and also the types for military 
service. Now that there are various types and makes of engines to select 
from, the engine is designed into the airplane instead of the structure being 
designed around the engine as was formerly done when only a few types 
of engines were available. The twelve-cylinder V type engine is by far 
the most popular and it can be had in direct drive and geared down types, 
as well as in designs that can be installed with the cylinders inverted. An 
important consideration is propulsive efficiency and the streamlining of the 
fuselage front end is im])ortant so that a minimum amount of the propeller 
disc area will be masked by the cowling around the engine. 

There is also another influence and that is the vision obtained by the 
pilot directly ahead and also directly down to insure good landings. Effec- 
tive streamlining of the Curtiss engine in the Hawk seaplane illustrated at 
Fig. 119 A reduces the loss of propulsive pull of the aerial screw by having 
a minimum masked area. The various airplanes shown at Fig. 124 show 
how th'fe various types of engines may be installed to secure good stream- 
lining, vision and reasonable aerodynamical efficiency. The conventional 
direct drive motor is installed in the structure shown at A. It will be seen 
that in order to obtain good vision that the engine crankshaft, which is also 
the center line of jiropulsive, or rather tractive effort comes well below the 
center of the bi])lane cellule, where one may assume the center of gravity 
of the entire structure to be located. 

When a geared form of engine is installed, it will be apparent that 
with the same engine location as at A, Fig. 124, the center line of tractive 
effort is raised in B by raising the propeller drive shaft center line so it 
more nearly coincides with the assumed center of gravity. Besides the 
advantage of bringing the line of thrust higher, the type of engine shown 
in B permits of higher horse])ower output for the same weight because the 
engine can be run faster and also makes for higher propeller efficiency be- 
cause a larger diameter and slower screw ^an be used with a geared engine 
than with a direct drive form. 

In a fast plane where maximum rnaeoeuverability is sought, as in the 
single seater shown at Fig. 124 C, a coincidence of the tractive effort line 
and the center of gravity is possible by using an inverted engine and aero- 
dynamical efficiency is obtained without greatly sacrificing the factor of 
vision by carefully streamlining the front of the fuselage. 

Air Resistance Characteristics of Engines. — Some interesting figures 
were given by Grover C. Loening, pioneer aeronautical engineer and in- 
ventor of the amphibian land and seaplane in a paper read before the 
S. A. E. in which some interesting conclusions were reached and results 
tabulated. 
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Fig. 124. — Diagrams Showing Installation of Various Types of Water-Cooled Engines 
in Fuselage to Secure Good Vision and Proper Aerodynamical Advantages. A — Direct 
Drive Propeller. B — Gear Drive Propeller. C — Inverted Crankshaft, Direct Drive Type. 

One might condense the general sentiment of the aviation world with 
regard to fast machines by pointing out that the light-weight high-powered 
radial air-cooled engines are generally considered the coming type for 
small fast aircraft; while the large, hcav}^ high-powered water-cooled en- 
gines are generally placed in large, slow, load-carrying airplanes. Further 
than this, there is a distinct tendency on the part of engine builders to sac- 
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rifice some details for the purpose of lightening the weight of the engine, 
‘‘dry/' in pounds per horsepower. The engine builder is only too likely 
to think that he has reached the goal required by the aircraft builder if he 
can make this figure low enough. Mr. Loening proposed to demonstrate 
that this attitude is not only erroneous, l)ut actually tends to the develop- 
ment for aircraft of engines that are A'ery undesirable for several important 
reasons. 

Leaving for a moment consideration of fast aircraft from the airplane 
standpoint, Mr. Loening stated that the airplane engine must drive itself 
through the air, and recpiires some i)roportion of wing area to carry its own 
weight. Considering the power absorbed by the engine itself, we find that it 
consists of the head resistance of the engine and of its necessary water or 
oil radiators, due to their sha]>e, and the drift on the wings that is charge- 
able to the weight of this ])o\vcr plant. To se])aratc these two items and 
examine into the desirability of various engines for the attainment of high 
speeds, we must analyze the cost of head resistance due to a heavy engine 
as against a light engine, and add the cost of head resistance caused by 
a bulky or a streamlined engine as the case may be. Mr. T.oening seeks to 
simplify this problem by making the following reasonable assumptions: 

(1) In high-powered, carefully-designed aircraft engives, the fuel con- 
sumi)ti()n per horse])owcr is very nearly the same. 

(2) Jii a])i)lying maximum skill in airplane design, it is likely that the 

weight per horsei)ower of the airplane structure necessary to carry 
any of these engines will be about the same. 

(3) The propeller efficiency of the various engines can be considered 
practically the same, because we arc examining ])rimarily the high- 
S])ced conditions wdiere the advantage of the slow speed of the 
geared propeller does not enter and might even prove detrimental. 

(4) In the drift of the wings necessary to carry any engine, the same 
lift/drift ratio can be assumed. 

It will be found on analyzing these assumptions that they mean that 
we do not penalize engines by i)lacing them in different tyi)cs of aircraft, 
and are thus justified in considering figures on a unit lu)rse])ow^er basis. 

It has been found quite conclusively on may types of aircraft using 
water-cooled engines that, no matter where the radiator is placed, a certain 
amount of head resistance must be expended to get cooling, since the air 
must pass through the radiator. Placing the radiator in front of an en- 
gine, in an effort to combine the resistance of the tw'o, merely makes it 
necessary to add to the size of the radiator by exactly the amount that the 
presence of the engine behind it blocks circulation. This is particularly 
true of the Liberty engine when mounted on the Dc Haviland-Four. 
A review' of the sizes of various well-placed radiators gives the values for 
frontal areas presented below. 

This reduction in size of radiator, of course, involves the consideration 
that on a high-speed machine the radiator be retractable. 
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Speed, 

m.hp. 

Frontal 

Area of Radiator, 
per Horsepower 
sq. in. 

Lift/Drift 

Ratio 

50 

2.5 

8 to 1 

100 

2.0 

11 to 1 

150 

1.5 

11 to 1 

200 

1.0 

10 to 1 


Tlic wcij^Hils of the eni^ines sho\Mi in Table 15 are inclusive of radiator, 
A'atcr and proi)cller, comi)lete. Part of the airplane’s winj^ area must do 
its share of work in sui)portin^ the weight of the euj^nne, and this work 
wdll cost a certain amount in head resistance rei)resented by the drift of 
this proi)ortion of the Avin^. We can arrive at this tij^ure for any speed by 
dividing the weight of the eni^inc by the lift/drift ratio at that si)eed, and 
from an examination of efficient structures the lift/drift ratios are as- 

sumed as in preceding tal:)ulation. 

In arriving at these values consideration has been given to the drift as 
a resistance not only of the Aving section itself but of the complete brac- 
ing necessary to support it, Avhich explains the less efficient value at 50 
m.p.h. Avhere flight Avould reijuire a very large wing area and light wing 
loading Avhich Avould neccssitjite a high head resistance in struts and wires. 

The resistance of various fuselages measured in wind tunnels hate been 
revieAved and found to differ considerably from the actual resistance of 
fuselages of full-size airplanes, as determined from their actual perform- 
ances. d'his is probably due to the ignoring of the slipstream effect. At 
any rate, a review of all these figures indicates that in the formula 
R KSV“ the value of the resistance coefficient K, for most fuselages, 
averages about 0.fX)09, where cross-sectional area is expressed in square 
feet and the speed V in miles per hour. This value has been adopted for 
all engines. 

Mr. Loening made some computations and ])resentcd a chart in develop- 
ing his discussion that ])ermitted an interesting demonstration Avhen the 
figures for the Curtiss ('-12 Avere used for an exami)le and assumed first that 
by laborious Avork the weight of the engine was reduced to one-half its 
amount, Avhich it is very doubtful ct)uld ever even be approached in this 
type of engine. Assuming such an extreme, however, Ave find the resistance 
per li()rsei)OAver, Avheii reduced as shown, pei'mits an increase in speed 
from 232 to 241 m.i).h. or only 9 m.p.h. On the other hand, avc can take 
this same engine and assume that, keeping its weighf the same, we modify 
its structure so as to liahe the head resistance of the engine itself, due to 
its sha])c. This change, A\hich is entirely Avithin the realm of ]) 0 ssibility, 
Avould increase the speed to 2^K) m.]).h., aiul would show that if we could 
get a 420-h]x engine with a cros.s-sectional area i^ermitting a good shape 
that would not be much over 2 feet high and 9 inches wide, Ave could ap- 
proach a speed of 300 m.p.h. liven admitting that some of the assumptions 
made necessary to derive this line of reasoning are apt to vary, Ave never- 
theless find a lesson of the greatest importance which promises much in the 
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future of aviation. This shows how much more important the head resis- 
tance of an engine is than its weight. Mr. Loaning urged the builders, 
therefore, to abandon their unwarranted race for lighter weight per horse- 
power, bringing with it tremendous expense in construction, a lack of re- 
liability and innumerable difficulties in service, and suggested that they 
begin on a new line offering far greater possibilities by making the shape 
and disposition of their engines more suitable to airplanes, with low head 
resistance considered as a fundamental. An engine of sufficiently well- 
studied shape will permit greater weight, more reliability, and less con- 
struction expense without a sacrifice of aerodynamical efficiency. 

Mr. Loening has been an advocate of inverted cylinder V engines for 
some time past and the Amphibian, which is the product of his genius, 
uses an engine with the crankshaft placed above the cylinders. This type 
permits the use of a larger diameter tractor screw and also materially 
lowers the center of gravity of the power plant. Various engine types 
mentioned in Table 15 are shown in outline at Fig. 109. 

Value of Inverted Engines. — An inverted engine when used in air- 
planes, possesses four major advantages. First, in the usual type of single- 
engine tractor airplane, the pilot’s vision straight ahead is seriously ob- 
scured by the cylinders and cowling of either a V-type or a large radial- 
type engine. He is practically compelled to swing the airplane from its 
true course to obtmin a view along the normal line of flight. It is unthink- 
able that poor vision dead-ahead, such as this, will be tolerated when the 
air is as full of airplanes as we expect it to be in the future. CoHisions 
in the air, even today, are far more numerous than would be the case if 
poor visibility conditions did not exist. With an inverted engine, as shown 
in Fig. 124 C, the cowling in front of the pilot can be made in slope to meet 
the line of the propeller-hub, in this way, favorable vision can be secured. 
The second major advantage of the inverted engine lies in the high center 
of thrust that ensures better flying qualities, in that it offsets the tendency 
of the airplane to climb when full power is on. This is also shown in 
illustration. The additional propeller-tip clearance is also desirable from 
a consideration of taxying over rough ground and, in some cases, removes 
the limitation on the diameter of the propeller that would otherwise exist 
with a direct drive, conventional installation as shown at 124 C and to a 
lesser degree with a geared drive screw installed in an engine with upright 
cylinders. 

A third point in favor of the inverted engine is its accessibility to a 
mechanic working on the ground. If the engine mounting is properly de- 
signed and the cowling suitably arranged, the engine can be readily worked 
on from the ground without the necessity for stepl adders and other equip- 
ment. Furthermore, the crankcase covers can be removed and the bear- 
ings examined, should this be desirable. 

The fourth point in favor of the inverted engine has regard to the loca- 
tion of the carburetors that, in many installations, will allow gravity fuel- 
feed and will avoid the use of complicated piping and pumping arrange- 
ments. The fire risk is also diminished to a certain extent with this ar- 
rangement, for gasoline leaks are confined to the extreme bottom of the 
installation, and covering the whole exterior of the engine with gasoline. 
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as is normally the case, is not possible, as any leakage of fuel will drip 
off to the ground or into suitable catch basins or tanks intended to receive 
it. 

Future Engine Development. — 1'urniiig now to possible future deveh^p- 
inents it may be of interest to speculate toward what direction progress in 
aircraft engines will lead. Problems to be solved in this field are well 
known and consist largely of detailed im])rovenieiits intended to yield 
lighter and more reliable engines that will be more economical with respect 
both to first cost and to operation and maintenance. Although much ex- 
perimental effort in engine development is being continually directed along 
unconventional lines, such as the l^arrel and cam ty])cs, and engines cm- 
])Ioying the l^iesel or seini-Deisel cycle, it is reasonable to believe that 
during the next few years iini)ortant advances will be made by conventional 
12-cylindcr water-cooled engines and by 9-cylinder fixed-radial air-cooled 
engines, the two tyjies that offer the best possibilities for immediate engi- 
neering advance and where very high ])owers are required from a single 
motor the X form of 24 cylinders, the W form of 18 cylinders and the 
double banked nine-cylinder or 18-cyliiuler radial air-cooled engines arc 
all possibilities that have already been realized in experimental types. 

It is reasonable to look forward to having available in the near future 
engines that will weigh about 1 ])ound ])er horse])ower; and, concurrently 
with this development, considerable effort will undouhdedly be devoted 
toward reducing the specific fuel-consumption. For it should be borne in 
mind Ijiat an engine weighing 1 pound ])er horse])Ovver will, at the present 
rate of fuel-consuni])tion, consume its own weight of fuel every 2 hours. 
Doped fuels and higher compressions will make ])ossib}e higher power out- 
puts for a given cylinder (lis])lacement. ICthy 1-gas is said to permit the use 
of pressures up to 150 pounds ])cr square inch before ignition without risk 
of premature ignition or detonation after ignition. The compression limit 
with aviation gasoline is about 110 to 120 pounds, so a 25 i)er cent increase 
in mean effective pressure is possible without changing engine designs 
other than augmenting the compression and increasing strength of parts 
to withstand augmented stresses produced by increased explosion pres- 
sures. 

The Attendu Solid Injection Oil Engine, — A two-cylinder experimental 
engine designed by Andre Attendu, a French engineer and a member of 
the S. A. E., for the United States Navy is shown at Fig. 125 and tests that 
have been made to date as rci)ortcd in the S. A. K. Journal have given very 
promising results. It was built primarily to determine if a light weight 
engine could operate at high speeds under the high pressures that prevail 
in oil engines. 

This aviation engine, which is the most recent and advanced engine 
built by Mr. Attendu is of the high-coni])ression self-ignition type. It 
operates on the two-stroke cycle, using solid, that is, airless, injection and 
can be started from cold on its normal fuel, which is 0.93-specific-gravity 
fuel-oil. The engine is extremely flexible; it is capable of maintaining a 
high torque throughout a speed range of from 400 to 1,600 r.p.m. This 
flexibility is obtained by refinement in the regulation of the fuel pump and 
by a patented system of comj)ression-pressure control. This engine has 
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Fig. 125. — Diagrams Showing Construction of Attendu Heavy Oil A^ation Engine Built for U. S. Navy Experimental Work which 

has a Remarkably Low Weight for this Type. 
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two cylinders, Syi x inches, and a rated output of 100 b.hp. at 1,500 
r.p.m. Port scavenging and uni-directional flow of air and gases are ob- 
tained by placing the inlet-valves in the head. A large-diameter 'short- 
stroke air-pump is mounted at the side of the engine, with its axis nearly 
horizontal. It is double-acting and is driven at crankshaft speed by a lay- 
shaft that also operates the exhaust-valves. These valves, two per cylinder, 
are set in a pocket close to the exhaust ports and their time of closing is 
governed by an automatic control. The valves are always open when the 
piston uncovers the exhaust ports, but are closed at a variable point before 
the ports are covered again. By variation in this point of closing, the effec- 
tive length of the compression .stroke is altered. Thus, in starting and at 
the lower speeds, a greater volume of air is retained in the cylinder to 
compensate for the slow compression and consequently greater losses of 
heat and pressure. Thus the final compression-pressure may be held at a 
sensibly uniform value. This is an essential feature of the Attendu engine 
and is shown in the transverse section in Fig. 125. 

Elements of the Fuel System. — The fuel-injection system comprises 
three main elements: (a) a primary, or low-pressure, jnimp; (h) a high- 
pressure pump that meters and injects the fuel and (r) a spray nozzle or 
injection valve. 

Both the primary and injection pumps are of the single-acting plunger 
type and are operated from a common shaft, on which .arc two primary 
plungers driven by eccentrics. These supply two injection plungers, one 
per cylinder, which are cam-operated. The low-pressure stage is required 
to dravsT fuel oil from the tank and to ensure the rapid and complete filling 
of the high-pressure cylinder. Variation in the power output of the engine 
is obtained by controlling the quantity of fuel injected at each stroke and 
this is accomplished by lifting or lowering the high-pressure plungers in 
relation to the cams. This action *has the effect of altering the point at 
which injection commences, but this is automatically com])ensated for by the 
timing mechanism of the pump. In addition, a wide range of timing control 
is available. 

The injector consists essentially of a nozzle that is controlled by a 
spring-loaded needle-valve. This valve is set to retain its seat against the 
pressure due to the primary stage of the fuel-pump, but opens promptly 
upon the marked increase in pressure due to the operation of the high- 
pressure plunger. The timing is arranged so that sensibly constant-volume 
combustion is obtained at the lower speeds. As the speed is increased the 
cycle changes from constant-volume to constant-pressure cycle. 

The engine was delivered in February, 1925, and ran fairly well up to 
1,800 r.p.m., but lubrication and minor mechanical troubles developed in the 
valve adjustment, couplings and elsewhere, which delayed the official tests 
until the end of November, 1925, when the first test was passed successfully 
and the title to the engine vested in the United States Government. 

When first delivered, the engine developed 61 b. hp. at 1,350 r.p.m. With 
improvements on the adjustment and especially on the lubricating-oil sys- 
tem, the brake-horsepower increased to 76 at 1,360 r.p.m., 82 at 1,610 r.p.m., 
and 85 at 1,620 r.p.m. The best power output, 91 b.hp. at 1,525 r.p.m., was 
obtained in Mr. Attendu’s laboratory and he stated that by making some 
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other alterations that were in course of execution an additional output of 
from 20 to 25 b.hp. can be obtained, which will bring the engine up to between 
110 and 116 b.hp. for a total weight of 417 pounds, or 3.6 pounds per b.hp. 
The fuel-consumption is now in the neighborhood of 0.6 pounds per b.hp.- 
hr., and the expectation is to reduce it to 0.5 pounds. The maximum speed 
recorded with this engine is 2,210 r.p.m. A very com])lete description of 
t|5is engine can be found in the S. A. E. Journal for February, 1926. 

‘ Materials Used in Aircraft Engines. — The problem in designing aircraft 
engines is to obtain the best relation of (a) weight, (b) frontal area, (c) 
.cost, (d) bulk, (c) high performance, and (/) reliability; and all of these 
factors are involved with the proper arrangement of parts and the proper 
selection of materials. More than 40 diflferent kinds of material are used 
in the modern engine, of which the more interesting are the light and un- 
usual alloys, such as magnesium, aluminum-bronze, duralumin, and Y 
alloy. For example, it has been stated that fourteen different materials 
are used in one cylinder-block of the Curtiss 500-hp. engine, as follows: 
duralumin, magnesium, aluminum-bronze, nickel-chromium steel in two 
analyses, carbon-steel in two analyses, cast iron, brass, copper, cold-rolled 
steel, drill rod, chrome-vanadium steel, and silchrome steel. The tables 
that follows showing “Strength-Weight Ratio of Various Materials” and 
“Properties of Aluminum Alloys” were furnished by the Wright Aero- 
nautical Corporation, Paterson, New Jersey. 

TABLE XVI 

Table Sliowinj? Strcn^lIi-WeiKlit Batio of Various Materials 


Material 

Weight 

II). cu. in. 

Ultimate Strength 
11). stj. in. 

Strength 
Weight X 1000 

Steel, mild 

.282 

()(),()00 

213. 

Steel, alloy, heat treated 

.282 

175,000 

620. 

Duralumin, forged and heat treated 

.101 

hO.OOO 

594. 

Cast Aluniinum, copper 

Cast Aluminum, high strength, 

.11 

16,000 

146. 

heat treated alloys 

Magnesium Alloy — 1 

.11 

35,000 

318. 

%% magnesium [ 

.064 

18,000 

280. 

3% aluminum 


1% zinc 

Future Developments. — Future development of the ^vater-cooIed air- 
craft engine in the opinion of Arthur Nutt, M. S. A. E. /probably will be the 
combination of reduction gearing from the crankshaft to the propeller with 
high engine-speed and supercharging. The gear-reduction problem has 
been solved and gears can now be made as reliable as the engine. Avail- 
ability of the lighter alloys at reasonable cost, together with supercharging 
and gear reduction, make possible the reduction of the engine weight to 
close to 1 pound per horsepower. During the last 10 years the weight of 
water-cooled engines has been reduced from more than 4.00 pounds to less 
than 1.33 pounds per horsepower, dry weight. 
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Properties of Aluminum Alloys Used for Aircraft Engine Construction 
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A marked increase in the brake mean effective pressure of aircraft en- 
gines during the war period was due principally to improvement in spark- 
plugs. The compression-ratio is limited by the detonation characteristics 
of the available fuel ; the highest ratio that is regarded as advisable when 
using domestic aviation-gasoline is 5.5 to 1.0. No radical increase in 
engine-power with present designs is to be expected except as the result 
of raising the normal engine-speed or of the use of non-detonating fuel. 
By the use of superchargers it is expected that the mean effective pressure 
can be kept at about 140 pounds per square inch at the higher engine- 
speeds, which will mean a tremendous output of power from a small engine. 
However, the effect of the use of tetra-ethyl lead in fuel in permitting 
higher compressions as well as the use of a supercharger offers interesting 
possibilities for future development as this will reduce fuel-consumption 
from the present figure by greatly increasing the power output possible 
from a given cubic capacity of the engine, which means an increase in 
volumetric efficiency. 

Airplane Engine Costs. — The reader who has priced airplane engines 
which are offered by the builders may think such engines are greatly over- 
])riced if he bases his conclusions on cost of automobiles, for exam])le. 
Airi)lane engine output is limited because the demand is limited and much 
of the high cost can be attributed to the high cost of production inevitable 
when engines are produced in small quantities. As the demand increases 
and the production augments the prices will become lower. Airplane en- 
gines, especially the tyj)es built for military purposes will never ben:hca]) 
because of the nature of the materials used and the ex])ensive machining 
and inspection processes will make a relatively high cost imperative, no 
matter how many engines are built. Commercial engines, however, will be- 
come cheaper as output increases. 

In comparing airplane and automobile engines, the latter need an over- 
hauling after 20,000 miles travel and seldom run more than 50,000 miles 
as that figure represents from seven to eight years normal service. 
The automobile engine is operating at less than capacity over 90 per cent 
of the time it is in use, most of the time it is being run at about 25 per 
cent of its power. An airplane engine is usually oi)erated in the range from 
75 to 100 per cent of its j)ower. It is so highly refined at the present day 
that it may run as many miles at oi)en throttle and full power output as 
an automobile engine does at quarter throttle. Air-cooled aviation engines 
have run 300 hours without an overhaul, which corresponds to 30,000 miles 
service if we assume a speed of 100 miles per hour. There is no automobile 
engine built that could run even a tenth of this mileage at wide open 
throttle without requiring overhauling. After overl}auling, an airplane 
engine returns to service and some modern engines are capable of under- 
going four overhauls and running for periods ranging from 800 to 1,000 
hours without wearing out, or 80, OCX) to 100,0(X) miles service at practically 
its full power output or at least, Ihree-cpiarters of its full capacity. 

Figures taken by considering various forms of stationary gasoline en- 
gines show a price range of from $10 to $20 per horse])ower. Diesel and 
kerosene burning engines may cost as much as $60 per horsepower. A 
good steam engine costs $25 to $30 per horsepower for the engine alone 
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and it is useless without expensive auxilaries such as boilers, pumps, con- 
densers, etc., that will. bring the cost of the complete installation much 
higher. Motor boat engines sell for from $20 to $30 per horsepower. Out- 
board motors may cost as high as $70 per horsepower for a small engine 
to $35 per horsepower for a five to six horsepower size. Automobile en- 
gines cost from $30 to $40 per horsepower and are not capable of main- 
taining their full power output nearly as long without trouble as even 
the poorest of the relatively early types of aviation engines. Few stock 
or even racing automobile engines could go through the 50 hour test at full 
throttle that airplane engines must pass. 

The writer was recently quoted a price of $1,200 on an aviation engine 
rated at 80 horsepower at 2,200 r.p.m., and this was not a wartime left-over 
but a new, recently developed small radial air-cooled engine. This brings 
the cost to $15.00 per horse])o\ver. An analysis of costs of aviation engines 
by an aeronautical magazine Aviation made recently gave an average value 
of $20 per horsepower for aircraft engines so if one compares the cost with 
that of other engines in performance or endurance, one will concede that 
such engines are not unduly expensive. 

Engine Starting Methods. — Various forms of starter have been tried 
for years with but indifferent results and, so long as the engines w'ere small 
and were capable of being cranked by hand by pulling through the pro- 
peller, starters were not received with much favor. Pulling through the 
propeller by hand is a dangerous operation at best and even a skilled 
mechanic of good physique cannot turn the engine past more than one or 
two compression points, exce])t in the case of small engines having no mili- 
tary and very little commercial value. FJectric starters have been devised 
which employ a small motor, driving through a large gear-reduction. The 
early forms of these starters gave trouble and they were very hard on 
batteries; also, the battery capacity required entailed the use of large and 
correspondingly heavy batteries. Therefore, for many years after the 
World War, engines up to and including the 200-hp. size were started by 
pulling the propellers when the propeller was accessible. For larger en- 
gines and for sea])lane work, small hand-starters were used which con- 
sisted solely of a hand-crank geared down to the crankshaft. 

Compressed-air starters of various types came into extensive use on 
European engines and were used to some extent on early American en- 
gines. These starters consisted of a supply of compressed air stored 
usually in a small steel bottle that was .carried on the airplane, a miniature 
carburetor in the air-supply line, a distributor driven from a camshaft, 
and individual pipes leading to check-valves installed in the cylinders. 
These compressed-air starters have been very efficient so far as starting is 
concerned but, in this country, ain)lane engine builders have been unwill- 
ing to accept the multiplicity of piping and valves required and the driving 
of any unnecessary mechanism from the camshaft. 

U. S. Navy Practice. — Starter developments in the United States have 
taken the form of the inertia starter, said Lieutenant C. E. Champion, Jr., 
U. S. N., in a paper read before the BufTalo Section, S. A. E. recently. 
These are being built for the Navy at present by the Healy-Aeromarine 
Bus Co., successor to the Aeromarine Plane & Motor Co., and by the 
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Eclipse Machine Co., in its plant at Hoboken, N. J. These starters 
employ a hand-crank and a gear-train which drives a miniature fly- 
wheel, and a constant-torque slipping-clutch through which the flywheel 
can transmit its energy to the engine. In operation, the crank is turned 
by hand until the flywheel is brought up to the required number of revo- 
lutions per minute. A man of normal physique should accomplish this in 
20 to 30 seconds. The gear-reduction is approximately 150 to 1 and the 
weight of the flywheel is al)out 4 pounds. When the flywheel has been 
brought up to about 15,000 r.p.m., a tripping device connects the flywheel, 
through the same gear-train used to drive it, to the constant-torque clutch 
and, at the same time, engages the starting-dog. At average operating- 
speeds, the energy stored-up in the flywheel amounts to 5,000 foot-pounds 
or more. The clutch can be set for any desired break-aw'ay torque. In 
small engines, a torque of 400 foot-pounds suffices but, for the largest 
engines, clutches are set for 750 foot pounds. 

By careful arrangement of the gear-train, these starters have been re- 
duced in size to that of the crown of a matins hat and their total weight is 
between 19 and 25 pounds depending on the model. They are very rugged 
and reliable. Incidentally, it is indicated that their use will eliminate the 
necessity for the hand-operated booster-magneto used for starting pur- 
poses, which will result in a saving of some 11 or 12 pounds in weight. 
Various forms of engine starters will be considered more in detail in Chap- 
ter 10 to follow. 


Engine Terms 
Types of Engines 

barrel-type engine — An engine having its cylinders arranged equidistant 
from and parallel to the main shaft. 

inverted engine — An engine having its cylinders l^elow the crankshaft. 

left-hand engine — An engine whose propeller shaft, to an observer facing 
the propeller from the antipropeller end of the shaft, rotates in a 
counterclockwise direction. 

left side (engine) — That side which, to an observer looking from the 
antipropeller end toward the propeller end, lied on the left-hand side. 

radial engine — An engine having stationary cylinders arranged radially 
around a common crankshaft. 

right-hand engine — An engine whose pro])eIler shaft, to an observer facing 
the propeller from the antipropeller end of the shaft, rotates in la clock- 
wise direction. 

right side (engine) — That side which, to an observer looking from the 
antipropeller end toward the propeller end, lies on the right-hand side, 

rotary engine — An engine having cylinders arranged radially with crank- 
case and cylinder assembly revolving around a common fixed crank- 
shaft. 

supercharged engine — An engine with mechanical means for increasing the 
cylinder charge beyond that normally taken in at the existing atmos- 
pheric pressure and temperature. 
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vertical engine — An engine having its cylinders arranged vertically above 
the crankshaft. 

V-type engine — An engine having its cylinders arranged in two rows, form- 
ing, in the end view, the letter “V.” 

W-type engine — An engine having its cylinders arranged in three rows, 
forming, in the end view the letter ''W.’’ Sometimes called the “broad- 
arrow type/’ 


Superchargers 

supercharger — A mechanical device for su])i)lying the engine with a greater 
weight of charge than would normally 1)C induced at the prevailing 
atmospheric pressure and temperature, 
centrifugal type — A supercharging device equipped with one or more 
rotating im])cllers generating centrifugal force which is utilized for 
the compression and the transmission of the air against resistance, 
positive-driven type — A supercharger driven at a fixed speed ratio from 
the engine shaft by gears or other positive means, 
rotary-blower type — A supercharging device comprising one or more 
relatively slow-speed rotors revolving in a stationary case in such a 
way as to provide a positive displacement, 
turbo type — A su])ercharger driven l)y a turbine of)crated by the ex- 
haust gases from the engine. 

« 

Miscellaneous Terms 

brake mean effective pressure — The net unit pressure which, if applied 
during the ])owcr strokes to the pistons of an engine having no me- 
chanical losses, would produce the given brake horse]:)ower at the 
stated speed. 

dry weight of an engine — The weight of the engine, including carburetor 
and ignition systems complete, pru])eller huh assembly, reduction gears, 
if any, but excluding exhaust manifolds, oil and water. If the starter 
is l)uilt into the engine as an integral part of the structure, its weight 
shall be included. 

fixed power plant weight for a given airplane. — The weight of the engine, 
including ignition, carburetor and induction systems complete, i)ro- 
peller and hub, exhaust manifolds, radiator and water, if used, with all 
interconnecting wires, controls, tailks, and pipes, lubricating oil tem- 
perature regulators, the oil contained in the engine crank case, and the 
starting gear attached to the engine, but excluding fuel, oil, and en- 
gine instruments. 

maximum horsepower of an engine — The maximum horsepower which an ' 
engine can develop. 

maximum revolutions — The number of revolutions per minute corre- 
sponding to the maximum horsepower. 

rated horsepower of an engine — The average horsepower developed by an 
engine of a given type in passing the standard 50-hour endurance test. 
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rated revolutions — The number of revolutions corresponding to the rated 
horsepower. 

specific fuel (or oil) consumption — The weight of fuel (or oil) consumed 
per brake horse])ower-hour. 

weight per horsepower — The dry weight of an engine divided by the rated 
horsepower. 


QUESTIONS FOR REVIEW 

1. Name essential requirements of aerial motors. 

2. Describe briefly the main factors determining? amount of power needed. 

3. What is the difference between an air-cooled enj?ine and one cooled by water? 

4. What system of enj?ine cooling do you think best for airplane engines and why*? 

5. Describe parts contributing to power plant weight and wdiich type of engine 
is lightest, 

6. Name principal airplane engine forms. 

7. Why is it better to use multiple engine planes for passenger carrying and in 
commercial use than single engine types? 

8. How are engines installed when three engines are used? 

9. Why is radiator location important wdien water cooled engines are used for 
power? 

10. What is an inverted engine and W'hat arc its advantages? 



CHAPTER VIII 


AVIATION ENGINE DESIGN AND CONSTRUCTION- 
AIR-COOLED ENGINES 

General Considerations of Air-Cooling — Air-Cooling not Restricted to Radial Engines 
— Reason for Radial Cylinder Disposition — Air-Cooled Cylinder Design — Cooling 
Exhaust Valves — Arrangement of Cooling Fins — Table XVIII, Factors of Safety, 
Air-Cooled Cylinder Parts — Material for Air-Cooled Cylinders — Small Air-Cooled 
Engines — Wright-Morehouse Two-Cylinder Engine — The Bristol “Cherub” En- 
gine — The Wright “Gale” L4 Engine — Meteormotor Radial Engine, Four Cylin- 
der — Fair child- Caminez Engine — Detroit Aircraft Engine, Five Cylinder — Super 
Rhone Nine Cylinder Engine — Wright “Whirlwind” J4A Engine — Wright J4B 
and J5 Engines — Pratt and Whitney “Wasp” Engine. 

General Considerations of Air-Cooling. — Air-cooling is accomplished by 
causing the air from the i)ropel]er slipstream to strike the cylinders later- 
ally at right angles to the cylinder axes, which involves circumferential 
finning. This makes the cylinders easy to cast and to machine, furnishes 
strength against internal i)ressnrc and allows the maximum cooling-surface 
on the ports and on the combustion-chamber. The material used must have 
a high rate of heat transfer from the surface to the air so aluminum alloy 
heads 'with integrally cast fins have been used for the purpose, being 
shrunk on, threaded on or cast on an iron or steel cylinder sleeve. 

The thermodynamics of air-cooled-engine design appear to be as sound 
as those of water-cooled engines, and the troubles encountered have been 
largely mechanical. Nothing inherent exists in the air-cooled engine to 
make it less durable or dej)endable than the water-cooled engine. It is less 
sensitive to sudden heat or cold, is easier to start and re([uires less warm- 
ing-up in cold weather, the last feature being very desirable in the alert 
type of air})lane. It is not subject to boiling-over when climbing steeply 
in hot weather or when o])erating in tro]>ical climates. The oil never heats 
unduly and always remains at working temj^eratiires. 

Top overhauls arc easier to make. 'Fhe grinding of valves involves only 
the removal of a cylinder and the touching-up of the valves, with no change 
in timing. Water-cooled engines, as a rule, recpiire either the removal of 
the engine or the dismantling of the camshafts and valve mechanism, and 
that the entire engine be retimed upon reassembly. The ability to effect 
quick repairs is a decided advantage. Due to the reduction in the number 
of parts, the radial air-cooled engine usually can be built more cheaply 
than can the water-cooled engine, with its com])licatc(l auxiliaries and pip- 
ing, and lends itself better to (juantity i)roduction. The tendency in water- 
cooled engines is toward block construction to give a more rigid and a 
lighter structure. This involves the rejection of an entire block for the 
defect of a single cylinder, a condition not encountered in radial engines. 

Air-Cooling Not Restricted to Radial Engines. — It is well to point out 
here that air-cooled engines in aviation arc not restricted to fixed-radial 

304 



AIRCOOLED ENGINES 


30S 


and to rotary types. A Liberty-12 engine has been successfully air-cooled 
by the Army Air Service at McCook Field, Dayton, Ohio. This engine 
developed slightly more than its rated horsepower as a water-cooled 
engine. It had a tendency to over-cool rather than to under-cool. The 
change from water-cooling to air-cooling consisted primarily in the sub- 
stitution of air-cooled cylinders for the regular ones and the interchanging 
of the exhaust and the inlet-valves. In general, in earlier types of air-cooled 
engines, the higher temperatures of air-cooled cylinders have resulted in 
lower brake mean-effective pressures and economy for high powers, and 
high rotative-speeds in static radial-engines have l)een limited by the so- 
'called connecting-rod '‘big-end'' conditions but in latest types, both of 
these limiting factors have l)ecn improved so the performance compares 
well with water-cooled engines. / 

The term ‘'brake mean-effective pressure” means the average effective 
pressure that, if ap])licd to the piston in each cylinder, will produce the 
given horsepower. It is not expected that the next few years will witness 
anything revolutionary in design, although steady im])rovement is going 
on in closer thermal-contact between steel cylinder-liners and aluminum 
heads, more careful valv^e scat cooling, proper combustion chamber form, 
better carburetion, and more advantageous spark plug location. 

Reason for Radial Cylinder Disposition. — JCngine size for a given power 
depends both uj^oif mechanical and thermal efficiency. With higher crank- 
shaft-speeds and more accessories, especially engine-driven superchargers, 
friction horsej)ower becomes ])articularly inijiortant. This item rjmains 
practically constant and therefore affects the mechanical efficiency most 
seriously at high altitudes. It is ecjually im])ortant to obtain the maximum 
mean-effective pressure from a given cylinder to get the best over-all effi- 
ciency. Extremes in speed and compression-ratio are sometimes resorted 
to in order to produce the re([uired iiower outi)ut, instead of providing 
proper means of filling each cylinder with the maximum-weight charge at a more 
normal speed. A (juestion often asked is. Why does the air-cooled aero- 
nautic engine take the radial form? The reason is, that more uniform cool- 
ing can readily be secured for each cylinder than with any other type. 
Originally it was felt that it was necessary to add to the cooling obtained 
from this dis])osition of cylinders by rotating the cylinders around the 
crankshaft. Such engines were called rotary engines and include the 
Gnome, Clerget and Le Rhone. This tyi)e has been discarded because the 
rotative speed, and consecjucntly the maximum power of any given engine, 
was limited by centrifugal force and also because the engine consumed 
l^iower just to turn the cylinders against the air resistance, this loss being 
as high as 15 per cent of the total output. 

It is probable that the radial type will be used for dircraft engines up to 
500 horsepower at least. Two or more rows of ratlial cylinders back to 
back are possible, but are mff considered especially promising, on account 
of the less effective cooling and the added complications, es])ccially of 
the valve-gear. Wherever more than 500 horsepower is required, it is 
probable that the single V or double V-tyj^c known as the X, engine will 
be used. The Royal Aircraft Factory has already shown this type to be 
entirely feasible and, in this country, the Engineering Division of the Army 
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Air Cbrps’has converted a 400-hp. water-cooled Liberty engine into an air- 
cooled engine. 

With the V-type, it is necessary to provide cowling to direct the air- 
flow to the cylinders ; it is not necessary to use a blower for this purpose 
though the early Renault air-cooled engine used a blower for the air blast. 
Engines of this type are not apt to be lighter per horsepower than the 
radial type even though counterweights are eliminated. The higher 
crankshaft-s])eed possible by the elimination of the master-rod, and there- 
fore the higher power, is counteracted by the added weight of the long 
crankcase and shaft required by the cylinder spacing. Because of the 
addition of cowling as well as the increased number of cylinders, the V- 
type is not so accessible nor so readily dismantled as are radial engines, 
which are inherently simple from a maintenance standpoint. 

Heretofore, the drag of the cylinders was supposed to have been con- 
siderably greater than that of the radiator usually required for a water- 
cooled engine. This assumjnion has been disproved, as similar airplanes 
equipped with both air and water-ct)()led engines have shown a consider- 
able increase in speed in favor of the air-cooled type, as has previously 
been brought out. This increase is particularly noticeable at high altitudes 
when the ordinary radiator is shuttered. High s]')eed is ]) 0 ssible with the 
radial type of engine, as shown by the Gonrdon air])lane, which is reported 
to have reached a maximum speed of 224 m.p.h. with a‘4S0-hp. radial en- 
gine. 

Air;Cooled Cylinder Design. — The power output for a given size and 
speed is controlled largely by combustion chamber design, size of valves, 
size and sha])e of ports, and cooling of the cylinder. It has been the ex- 
perience of nearly all experimenters that the nearer one can approach to a 
spherical combustion chaml)er, the better will be the results obtained. 

One of the most important considerations in securing maximum power 
output is the size and shape of the intake and exhaust ports. The internal 
shape of the i^orts must be such as to offer the minimum resistance to the 
flow of the gases in and out of the cylinders, while their external shape 
must be such as to accommodate reasonable forms of intake and exhaust 
manifolds, and to offer the least possible interference to the flow of the 
cooling air around the cylinder head. In order to offer the least possible 
restriction to gas flow, the ])assages within the j)orts must have easy bends 
with plenty of area at the bends, especially around the valve guide bosses. 
Rapid changes of section must be avoided, and the area of any section of 
the passage must always be as great as-, or greater than, the clear area of 
the valve opening. Of the two forms of combustion heads shown at Fig. 
126; C. F. Taylor of the Wright Aeronautical Corporation is the authority 
for the statement that the form at B is superior to that shown at A. The 
spherical form of combustion chamber is followed, easier gas flow in or 
out is obtained, the valve is a tulip head, salt cooled stem type, the stem 
guide is clamped in instead of forced in and better flanging is evident. 

Perhaps the most difficult problem in air-cooled cylinder design is to 
secure proper cooling. In considering this problem, two principles must be 
kept in mind, namely: 
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(1) The parts which receive the most heat are the parts wl^ich tequire 
the most cooling air. 

(2) The blast of cooling air must impinge as directly as possible on the 
parts to be cooled, with a minimum dependence upon the conduc- 
tion of heat through the metal or joints. 

The parts which receive the most heat during engine operation are the 
exhaust valve, exhaust port, combustion chamber and cylinder barrel. 

Cooling Exhaust Valves. — In considering the cooling of the exhaust 
valve, it is obviously difficult to apply the second principle, since the valve 
is largely covered up by the valve seat, port, guide and spring, and even the 
air which might otherwise get through the valve spring to the upper end 
of the valve stem is cut off when an enclosed type of valve gear is used. 
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Fig. 126 . — Air-Cooled Cylinder Combustion Head Forms. A — Valve Seat Inadequately 
Cooled. B — Raised Valve Seat a Superior Form. Note Hollow Stem Valve for 

Salt-Cooling. 

Consequently, in this case it is necessary to depend on the transfer of heat 
to the cylinder through the valve seat and valve guide. The proper cool- 
ing of the exhaust valve is therefore largely a question of providing ample 
area for the transfer of heat to the valve seat and valve guide, and then 
providing for the best i)ossible air cooling of these parts. This involves 
some very careful design, and is a problem on which a great deal of study 
and experimenting has been done. The form shown at Fig. 126 B is 
superior to that shown at A, especially Avhere enclosed valve gear is used. 

Arrangement of Cooling Fins. — The arrangement of fins on an air- 
cooled cylinder depends primarily on the position of the cylinder with re- 
spect to their air blast produced by the pn peller slipstream. For aero- 
nautical work, it is now universal practice to arrange the cylinder so that 
the air blast is directed against the side of the cylinder at approximately 
right angles to the cylinder axis. When this is the case, some type of 
circumferential finning is required. Circumferential finning has the follow- 
ing advantages as compared with finning ])arallel to the cylinder axis. 

(a) Adds greatly to the strength of the cylinder to withstand internal 
pressure. 
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(b) Is easily machined where machining is necessary. 

(c) Is much easier to cast than the axial finning. 

(d) Gives more cooling surface on the ports and combustion chamber. 

The question of the proper size and spacing of the fins is one which has 
received a great deal of attention and has been the subject of a number of 
extensive research programs. The size and spacing of fins is largely con- 
trolled by the conductivity of the iiialerial used. However, for most ma- 
terials, the scientifically correct finning calls for fins spaced so closely to- 
gether and of such thin section that the manufacturing difficulties become 
prohibitive. Another consideration is that the fins must be sufficiently 
thick and strong to avoid damage in handling. 
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Fig. 127. — Air-Cooled Cylinders for Aviation Engines. A — Steel Barrel Screwed into 
Cylinder Head of Aluminum Alloy with Integrally Cast Cooling Flanges Extending 
Down the Cylinder, which is a Force Fit in Surrounding Aluminum Piece. B— Steel 
Cylinder Barrel with Circumferential Flanges Machined Integral with Short Aluminum 
Alloy Head Screwed to it. Form B Gives Best Cooling. 

Cooling Fin Dimensions. — The finning to be used, therefore, is the re- 
sult of a compromise Iietwccn these factors. It has been found that for 
aluminum or cast iron cylinders, a very good design from all points of 
view is to make the fins 1 inch long with a thickness of of an inch at the 
root and 1/16 of an inch at the tip, wdth a spacing of of an inch between 
fins. For steel, the fins may be half as thick and spaced as closely as 
of an inch. The fin spacing is usually incrcasetl wdiere the finning inter- 
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sects the valve ports, as otherwise the manufacturing problem becomes 
difficult. Two forms of cylinders are shown at Fig. 127, that at A having 
all flanges of aluminum alloy, that at B having some of the flanges ma- 
chined f^;om the steel cylinder barrel that is screwed into the alloy head 
casting. The tabulation Number 18 gives desirable factors of safety, 

TABLE xvnr 

Factors of Safely, Air-cooled Cylinder Parts 


Part 

Material 

Dirett Stresses 

Other Considerations 

Recommended 
Factor of Safety 
Rased on Ultimate 
Strenffth at Room 
Temperature 

Oylincler Parrel at 
thinnest section 

Steel 

'I'ension due to 
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head 
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K.iirly hiffh temperature 


Hold down studs 
(Root diameter) 

Steel 
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oil ciliiidcr 
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Severe handlmtr stresses 

12 

Sales of eomlnistion 
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section 

Aluminuni 

Alloy 

'rensiou due to 
on cjlinder 

liressuu 
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Rat»idly vatyiiif^ lo.id 
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Material for Air-Cooled Cylinders. — Considering tlie material of the 
cylinder from thopoint of view of cooling alone, \vc re([uire: 

(1) A material having a high rate of heat transfer from its surface to 

air. • 

(2) A material having rapid iiiternal conductivity, so that the heat will 
flow readily from the hotter to the cooler parts of the cylinder, thus 
avoiding local overheating. 

No definite data on the rale of heat transfer to air is available, but from 
ex])erience it ap])cars that copper, ahiminuni, steel and cast iron possess 
this property to a high degree. 

Of the metals having high heal coiuluctivity, aluminum alloy stands pre- 
eminent on account of its added advantage of light weight, although cop- 
])er and its alloys have been proj^used and used. Cojiper transmits heat 
best, then comes aluminum alloy, then cast iron and steel. The question 
of cylinder materials, however, is largely governed by considerations other 
than those of cooling, the important one being the resistance to wearing 
due to piston reciprocation. 

Cast iron will fulfil all of the functions in a fairl> satisfactory manner, 
but its weight is generally ])rohibitive for military engines. For com- 
mercial engines cast iron cylinders may often be used to advantage. Cast 
aluminum alloy is satisfactory as a containing member and can be cast in 
intricate shapes. Tt will also stand a fair degree of stressing, and is a fairly 
good bearing material. Henvever, where high hK'aUzed stresses are en- 
countered, cast alnmiiuim alloys are liable to failure by fatigue, and con- 
sequently have been found unsatisfactory for the hold-down flange, where 
the cylinder is bolted to the crankcase, unless very heavy sections are used. 

In order to overcome these difficulties, a combination of materials has 
usually been resorted to. Steel makes an excellent bearing surface for the 
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Fig. 128 . — How Henderson Motorcycle Engine with Special Conversion is Installed 
in Heath Parasol Monoplane. Top View Shows Complete Fuselage and Relation of 
Engine Supports to Other Parts of the Tubular Structure. Lower View is a Close-Up 
of the Engine, the Small Size of whidh can be Understood by Comparing it with 

the Magneto. 


piston, and Is also the best material available for resisting fatigue and 
localized stresses such as are encountered at the hold-down flange of the 
cylinder. It is now almost universal practice in aeronautical work to make 
air-cooled cylinders with an aluminum alloy head and a steel barrel with 
hold-down flange. The cooling fins on the barrel may either be machined 
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integral with the steel as shown in Fig. 126 B, or may be cast with the 
aluminum head as shown in Fig. 126 A, the steel barrel being made a very 
tight fit in the aluminum sleeve, which is part of the head casting and 
machined or bored out to receive it for the greater portion of its length, 
except where it is threaded to fit corresponding threads on the steel sleeve. 

Small Air-Cooled Engines. — The experimenter with small and light air- 
planes has been somewhat handicapped in the past because of the lack of 
a simple, efficient and economical engine of small capacity and converted 
motorcycle engines have been used in experimental work. These have 
not always been satisfactory because they were heavy in proportion to 
their power output though much superior to any of the small automobile 
l)ower plants available for the pur])()se. Most motorcycle engines were 
deficient in power output and special aircraft engines were too expensive. 
The Henderson four-cylinder '‘De T-uxe” model motorcycle engine pos- 
sesses many of the characteristics of a first-class light plane engine, and by 
evolving a special conversion that allows the propeller to he driven direct from 
the crankshaft, the Heath Company have made it possible to use this low 
priced and popular engine successfully in their '‘Parasol/’ a light weight 
sport monoplane. All Henderson motors, furnished as stock equipment 
on “Parasol,” are equipjied with high pressure oiling system. They have 
been run for many hours on the test block and in ])lancs, giving them a 
severe test, and have been found to stand up remarkably well. Hender- 
son engines were used in many light ])lane races in the past few years, and 
have stood the test. They are remarkable little engines that are unusually 
well suited for use in incxj)ensive sport ])lanes. Tt is said they wTll drive 
the plane 35 miles on a gallon of gasoline. The Henderson “De Luxe” 
motor develops 23 hp. at 3,000 r.p m., and Aveighs com])lete with propeller 
only 117 pounds. It is low in upkeej) because it uses standard motorcycle 
engine parts that are obtainable in any part of the country. The engine is 
so well known as used in motorcycles that a detailed description is not 
deemed necessary. The accompanying illustration Fig. 128 shoAvs a Hen- 
derson motorcycle engine with special Heath propeller and propeller con- 
version, installed in Heath “Parasol.” The engine mounting employed is 
so simple that the mounting can be completely dismantled by removing ' 
only four bolts. This makes it ])ossible to a(la])t it to dilTerent types of en- 
gines without great structural changes. A fuel tank of 3.3 gallons capacity 
is fitted in the center aboA^e the Avings. 

While the Plenderson motorcycle engine is ideal for sport use, it is 
often desirable to use a more poAverful engine to obtain greater speed, 
where the plane is used for exhibition Avork. Where such superperform- 
ance is desired, and Avhere cost is no object, Ave recommend the Wright- 
Morehouse engine, developed especially for light plane use. This engine 
is of the tAvo-cylinder opposed type, air-cooled, and develops 29 hp. at 2,500 
r.p.m. It weighs but 89 ])ounds, and due to its ])eculiar design it is easily 
and eflfectively streamlined Avhen installed in a small plane. The Wright- 
Morehouse engine has met with great success in recent air races and has 
proven reliable and efficient. 

Wright-Morehouse Engine. — This is a light oi)pose(l cylinder type de- 
signed especially for light airplanes. It is clearly sIioavu in illustrations at 
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Fig. 129. — The Wright-Morehouse Two Cylinder Aviation Engine. At Top— Rear 
View Showing Ignition Magneto and Carburetor. At Bottom — Engine Viewed from 

Propeller End. 

Fig. 129 and the sectional engineering drawing at Fig. 130 shows all de- 
tails clearly for the technical or engineering student. The cylinders are 
cast iron with integral cooling fins and valve seats. They are attached 
to the crankcase through the cylinder flange, about half way up the barrel, 
their location being made by two pilots, one at the flange and one at the 
end of the barrel. Bet ween these two pilots the crankcase is cored to form 
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closed passages when the cylinder is in place. Bypass oil from the pump 
is led into these passage serving to cool the cylinder skirts before returning 
to the sump. Tulip shaped valves are used, both intake and exhaust hav- 
ing ample diameter and lift. The valve springs are helical and made from 
special heat treated spring steel wire. Adjusta1)le push rods with ball and 
socket joints at each end actuate the forged steel rocker arms. Case hard- 
ened steel cam followers operate directly on the camshaft. The push rods 
are so recessed in their sockets that they cannot come out in flight, while 
the rocker arms are supported on individual forged brackets studded into 
the cylinder heads. 

The crankshaft is a steel drop forging, counterbalanced to reduce vibra- 
tion, and having two throws at 180 degrees. It is drilled for oil passages, 
giving pressure lubrication to all bearing surfaces. The camsha^ is 
mounted directly over the crankshaft and parallel to it. The camshaft gear 
is integral with the shaft and is driven by one idler gear at half engine 
speed. The idler gear is extended to form the tachometer drive connec- 
tion. The camshaft and idler gear are both assembled through the rear 
cover plate. Both crankshaft and camshaft are mounted on large plain 
bearings of ample size. These bearings are grooved for oil passages to 
the crankshaft and crank] )in bearings. The crankcase is an aluminum 
casting of es])ecially clean lines. 

The conncctiifg rods are of forged duralumin and are of H section. The 
wrist] )in bushings are of bronze, shrunk into the connecting rod. The 
crankpin bearings are babbitt ap])lied directly to the rods. The* pistons 
arc the straight cylindrical ty])e, made of aluminum and having crossed 
ribs supporting the flat piston head. Four rings, three above and one below 
the piston pin, are used. The hollow ])iston ])ins float in both rods and 
the pistons, bronze end plugs being used to ])revent cylinder scoring. The 
])iston pins and cylinder walls are lubricated by oil spray from the crankpin 
bearings. 

A gear pump in the cover ]datc gives force feed lubrication to the main 
and connecting rod bearings, idler gear bearing, and camshaft bearings. 
The sum]) is e([ui])pcd with an oil level indicator, oil strainer, and thermo- 
meter connection. Cooling fins arc cast on the bottom to keep the oil 
tem])eraturc correct. The sump holds about throe quarts of oil and is 
filled through the breather. A single Scintilla magneto, driven direct from 
the rear end of the camshaft, fires a single plug in each cylinder. An im- 
pulse starter coupling between the magneto and the camshaft, insures a 
quick turn for the magneto in starting. The fuel mixture is supj)lied by a 
special carburetor through an oil jacketed elbow attached to the rear cover 
plate. Individual manifijlds carry the mixture to each cylinder. Four 
holding-down bolts fasten the engine to the bearers.^ All the controls are 
at the rear of the engine, thus simjflifying the installalion in the fjlane. 

SPECfFTCATlONS 


Bore 2-75 in. 

Stroke 3.625 in. 

Displacement (1.31 liters) 80 cii. in. 

Compression ratio 5 : 1 

Rotation anti-clockwise 
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Fig. 130. — Sectional Drawings Showing Construction of Wright-Morehouse Aviation Engine, with all Important Parts Designated 

for Easy Reference. 
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Weight, dry 89.S lb. 

Power at 2500 r.p.ni. ; average 29 hp. 

guaranteed 25 hp. 

Fuel-consumption at 2500 r.p.m.; average 2.5 gal./hr. 

guaranteed 0.55 Ib./hp.-hr. 

Shipping weight 155 lb. 


The Bristol “Cherub” Engine. — This is a very popular engine for light 
airplanes in England. The engine has recently been submitted successfully 
to the latest British Air Ministry 100 hour Type tests. It completed this 
test in ten non-stop periods of 10 hours each, without any hitch, stoppage, 
adjustments or replacements. On the last hour, the engine held 36.6 b.hp. at 
3.200 r.p.m. The average fuel-consumption throughout the test was .586 
])ints per b.hp. per hour and the average oil consumption .026 pints per 
b.hp. per hour. At the conclusion of the test, the engine was stripped and 
fcmnd to 1)6 generally in excellent condition. The “Bristol” Cherub engine 
is of the two-cylinder opjjosed type and has a total swept volume of just 
under 1,230 cubic centimeters. 

The crankshaft is a case hardened alloy steel stamping of ample dimen- 
sions, carried in four bearings ; the crankcase is an aluminum casting, split 
vertically on the engine center line and provided with separate front and 
rear covers. 

There are three main bearings. The front one is of the deep groove 
type, located in \he nose of the conical front cover, and transmits the pro- 
])eller thrust from the crankshaft to the case. The other two are of the 
double row self aligning ty])e, and situated adjacent to the cran|j throws, 
one in front and the other in ))ehincl, and are housed in the front and rear 
half crankcases, res])ectively. The tail end of the shaft is supported in the 
rear corner by a plain white metal bearing which provides an oil seal, 
allowing oil to be supi)lied through the hollow tail end and drilled oilways 
to the big end of the l)earings. On the shaft between the two rear bearings, 
a sjmr wheel and two spiral gear wheels provide drives for the camshaft, 
tachometer and magneto and oil pump, respectively. 

Connecting rods are alloy steel forgings with hardened liners, pressed 
into the big ends, the proportions of which are such that the rods may be 
threaded over the shaft. ''Anien in position, the split bronze floating bushes 
are inserted and the two halves secured to each other by high tensile steel 
screws which are locked by s])lit pins. The pistons are of aluminum alloy, 
filled with three rings, the lower one of which serves as a scraper and 
returns surplus oil from the cylinder walls through drain holes in the 
piston skirt. The hollow gudgeon pins float, both in the piston bosses and 
ill the connecting rod small ends and are located endways by bronze but- 
tons pressed into their open ends. 

The cylinders have steel barrels, but the iitlet and exhaust passages 
are formed in the aluminum alloy heads which also carry the screwed-in 
alloy steel valve seats, valve guides, valves and springs. A deep spigot 
for the head is provided on the barrel with a flange to which the head is 
bolted by a copper ring spigotted and very carefully fitted in annular 
grooves cut in the head and barrel flanges. As the rates of expansion of 
aluminum and steel are different, great difficulty is usually encountered in 
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Fig. 131. — Views Showing Bristol “Cherub” Aviation Engine, an Efficient European 
Design for Low Power Sport Planes. 

the maintenance of a really ^as-tij^ht joint Avilh this tv]^^ C)f head. In the 
Cherub heads, this difliculty has been entirely overcome by inserting pack- 
ing pieces of a special alloy, having an unusually low rate of exlpatision, 
between the cylinder heads and the heads of the securing bolts. This ar- 
rangement, combined with the copper ring joint, has proved so satisfactory 
that the ends of the bolts are riveted OA^er their nuts, the head and barrel 
being regarded as one unit Avhich need never be disturbed. The cylinders 
are secured to the crankcase by a spigotted and flanged joint, a packing 
ring, serving to make the joint oil tight. 
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Inlet and exhaust valves are of cobalt-chrome steel and are interchange- 
able, and three concentric springs are used on each valve. The valve oper- 
ating gear is somewhat unusual and has distinctive features of considerable 
importance. The camshaft, which, with its four cams is machined from the 
solid, runs across the crankcase below the crankshaft and is driven by plain spur 
gears of ample dimensions. The cams are of the constant acceleration type. The 
valves are operated I)y rocker shafts which run parallel to the cylinder. 


Induction 

Pipe-- 


Eiigine 

Supports^ 


-Spark Plug 

Air ' Cooled 
^ — Cylinder 


Xrankcase 
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^Propeller Hub 


Magneto 


Distributing 
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Catbiir6teri 


Rear View.^ 


Fig. 132.'^Lawrance L 2 Three Cylinder Radial Air-Cooled Engine, Designed Nearly 
a Decade Ago has Made Many Notable Flights in Small Planes. A — Side View. 

B — Rear View. C — Front View. 

The carburetor is a special type of Zeiiilh ^vitli hand o])erated altitude 
control of the extra diffuser air ty])e ami is bolted to a cast aluminum in- 
duction “T” piece which is attached by studs and nuts to a broad facing- 
on the underside of the magneto and pump housing on the rear cover. The 
throttle and magneto advance and retard are inter-connected by a suitable 
arrangement of levers and links. The altitude control is independent 
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except that it is closed automatically if the throttle is closed. The air in- 
take to the carburetor is an exhaust jacketted steel elbow. The induction 
pipes run from the *‘T’' piece parallel to the cylinders and are fitted into it 
with airtight expansion joints, and are provided with bosses to take primer 
jets. The engine is mounted from screwed extensions on the ends of the 
four crankcase bolts at each corner of the crankcase. A standard connec- 
tion for a tachometer is arranged on the port side, above the magneto. 
This engine is shown at Fig. 131. The cylinder bore is 3.5 inches, the 
stroke 3.8 inches. It has a piston displacement of 75 cubic inches. The 



Fig. 132D. — Three-Quarter Front View of Wright “Gale” L 4 60 Horsepower, Three 

Cylinder Engine. 


compression ratio is 5.5 to 1. The dry Aveight is given at 100 ])ounds, or 
3.1 pounds per horsepower. The length is 9 inches, the width 25.5 inches 
and the height 20 inches. The center to center of engine bearers is 7.4 inches. 

The Wright “Gale” L4 Engine. — This is an improvement on the three- 
cylinder air-cooled LaAvrance engine deA^eloped about nine or ten years ago. 


1 
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The general characteristics do not differ materially from the large Wright 
engines having nine cylinders though the later types used a different cyl- 
inder construction. Of course, the engine is simpler in construction. The 
cylinder design is similar to that employed on J1 Wright engines but en- 
tirely different from that of the J4 and J5 types as can be seen by referring 
to Fig. 132 D. It develops 60 horsepower at 1,800 r.p.m. It is a logical 
development and improvement over the Lawrance L2 engine shown at 
Figs. 132 A, G and C. The bore of that engine was 4.25 inches, the stroke 
S.2S inches, and the weight was 140 pounds with carburetor, hub, ignition 
system and one battery but without oil tank or mounting plates. The cyl- 
inders were cast aluminum with steel liners. The carburetor was carried 
low enough so gravity fuel feed could l)e used. Lul^rication was by full 
pressure feed type geared ])umj). This engine is no longer in production, 
l)ecause its selling ])rice due to small output was higher than that of sur- 



Fig. 133. — Meteormotor Radial Air-Cooled Engine, a Four Cylinder Lightweight. 

View at Left Shows Small Size of the Engine. 

plus stock wartime engines of even greater power, but a considerable 
number were made and usetl on light airplanes, seaplanes and for small 
“Blimp” type non-rigid airshi])s. 

The Meteormotor Radial Engine. — This light four-cylinder X-lype 
motor was develo])ed primarily for use in the Meteorjdane, a light, sport 
type that had flown with various motorcycle engities. When powered with 
the motor illustrated at Fig. 133, the maximum speed of the plane was in- 
creased to 90 miles per hour and the ceiling to 15,000 feet. The latest 
model has copper cooling fins instead of integrally cast iron flanges. The 
engine operates on the two-cycle principle. 

The cylinders are made of the finest grain gray iron, machined both in- 
side and outside, and ground. By a special process, the copper cooling fins 
are electrically united to the cylinders. The crankshaft is of special heat 
treated chrome-vanadium steel, machined and ground from a solid 90 
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pound piece and, when finished, weighs only 6^4 pounds. The crankcase 
is of silicon-aluminum and, for ease in installing, it is fitted with four 
mounting brackets. Special tubular connecting rods are used in the engine, 
with steel backed bal)bitt bearings. The pistons are of fine grain cast ^ron 
and carry three rings and weigh but 10 ounces. The valves are of large 
size and made of tungsten-steel with bronze steins. Both the main and 
thrust bearings have 13/16 inch diameter lialls. An aluminum Zenith car- 
buretor is used, and a special high tension Bosch magneto furnishes the ig- 
nition. Lubrication is by pressure and can be regulated from the dash in 



Fig. 134. — Plan Section Drawing of Caminez Engine that Uses Cam Instead of 
Crankshaft for Operating' Pistons. 

the pilot's cockpit of a plane fitted with this engine. The complete weight 
of the Meteormotor, including carburetor, magneto and propeller hub, is 
only 60 pounds. The cylinder capacity is 72 cubic inches. The engine, 
which is very smooth in running, develops 20 horsepower, at 2,000 r.p.m., 
and consumes 1^2 gallons of gasoline per hour and yi pint of lubricating 
oil. The simplicity of the engine is evident from the layout drawing. It will be 
seen that, contrary to usual practice with radial engines, the engine bearers are not 
arranged to attach onto a circular casting, but hold the engine down by means of 
two flanges attached direct to two longerons. This makes for simple installation. 
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The Fairchild-Caminez Engine. — ^This engine is unconventional in the 
method of converting reciprocating motion of the pistons to rotary motion 
of the drive shaft. The engine has been thoroughly ground and air tested 
and other designs of greater horsepower are also in progress. The cyl- 
inders are 5^ inch l)orc and 4^ inch stroke and the engine weighs 
360 pounds complete witli all accessories except starter. Its rating is 150 horse- 
power. The following descri])tion is taken from data jniblished in Aviation. 



Fig. 135. — Side Section Elevation Drawing of the Caminez Engine Showing Simplicity 
of Valve Gear and Piston Arrangement. 

The Model 447-P> engine is a four-cylinder radial engine of the recipro- 
cating piston type operating on the four-stroke cyde. The engine employs 
the Fairchild-Caminez drive cam mechanism in which reciprocating motion 
of the pistons is converted into rotary motion of the j)ro])cller shaft by 
means of rollers in the piston o])erating on a double lobed cam. The 
mechanism is such that each piston completes four strokes per revolution of 
the propeller shaft. With the four stroke cycle that is used, each i)iston, 
therefore, completes a power stroke every revolution of the shaft. It is 
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due to this that a high power output is obtained per cubic inch of piston 
displacement at a low propeller speed, the shaft speed in this engine being 
one-half that of a crank engine of equal piston displacement for the same 
power output. Another important difference of this cam engine from the 
usual crank engine is that the motion of the pistons in opposite cylinders 
of the cam engine is identical with respect to the engine axis, so that the 
piston inertia forces balance each other. Perfect running balance is, there- 
by, obtained without the use of counterweights, the cam engine being the 
only radial or four-cylinder engine in perfect inertia balance. 

In the Fairchild-Camincz engine, the four cylinders are arranged 
radially about a central rotatable cam as shown in Figs. 134 and 135. This 
cam is of the double lobed type, shaped generally like a figure 8. A roller 
bearing is mounted in each piston, the outer race of which acts directly 
upon this drive cam. Adjacent pistons are connected by a system of links, 
the contour of the drive cam being so designed that these links maintain 
the piston rollers in continual contact with the cam. 

The main shaft of the engine is a straight alloy steel shaft to which the 
drive cam is splined. This shaft is supported in the engine case at the rear 
end by a roller bearing. The front main shaft bearing is a deep groove 
radial ball bearing which takes all the thrust load on the shaft and ])art 
of the axial load. The center plain bearing on this shaft is fitted with 
large clearance so that it takes but little of the axial loa^l and acts mainly 
as a means of transmitting the lubricating oil from the case to the shaft, 
from where it is distributed throughout the engine. 

The main engine casing consists of two aluminum alloy castings which 
are bolted together at the plane through the cylinder axis, eight long studs 
being employed to hold the casing together. The front, or jirojieller end 
casting holds the valve cam followers. The engine auxiliaries, which con- 
sist of two magnetos, pressure and scavenging oil jninips, and tachometer 
drive, are contained in a separate casting that bolts to the rear main engine 
casing. The engine is mounted in the airplane by means of the rear flange 
on the engine casing, provisions being made for eight inch diameter bolts. 
The diameter of this mounting flange is 20 inches and the accessories 
behind this flange are so arranged that no connection on the engine need 
be disturbed when installing or removing the engine from the airjdane. 

Four openings are ])rovided in the engine casing which receive the vari- 
ous cylinders. These cylinders consist of hardened steel finned barrels 
which are screwed and shrunk in special aluminum alloy heads. Brtinze 
ftiserts are shrunk in the heads for valve seats. Phosphor bronze valve 
guides are used. The tulip shaped exhaust valve is 2 % inches diameter, 
and the mushroom inlet valve is inches diameter; both valve lifts 
being 9/16 inches. Pressed steel valve rocker brackets are bolted to the 
cylinder head at their rear end and attached to the engine case at the front 
end by a long rod, the construction being such that a firm support for these 
brackets is obtained without putting too much of the push rod load on the 
cylinder head casting. The valve rockers are alloy .steel drop forgings and 
have hardened steel rollers which contact on the valve stems. The push 
rod ball ends are contained in grease tight adjustable screws in the rocker 
levers, the screws providing means for obtaining proper valve tappet clearances. 
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Provisions are made to lubricate the push rod ball ends through Alemite 
connections in the rocker pivot bearings. Since each piston makes four 
strokes per revolution in the engine, single lobed intake and exhaust cams 
are mounted directly on the main engine shaft which operates all the valves 
in the engine. The valve tappet plungers are contained in removable alu- 
minum alloy guides which fit in the nose end of the main engine casing. 
Rollers are mounted on floating hardened steel pins in the end of the 
tappet plungers which contact with the valve cams. Small holes drilled 
through the main engine shaft throw jets of oil on these tappet plunger 
rollers for lubrication. 

The pistons are made of heat treated aluminum alloy and are provided 
with four narrow compression rings. The pistons are of the slipper type 
with large bearing areas on their thrust sides. Deep ribs arc provided to 
strengthen the pistons and improve piston cooling. Special double row roller 
bearings are mounted in each piston, the piston being made with detachable 
caps to facilitate assembly. A piston pin passes through the hub of these 
roller bearings at the ends of which link holders are fastened. The links 
inter-connecting the pistons, consist of alloy steel straps. They have hard- 
ened steel pins keyed at their ends which work in bronze bushings in the 
piston link holders. Ample bearing area is provided for these pins to re- 
duce the unit bearing loads in the bushings. Lubrication of these bearings 
is obtained by oirjets in the main engine shaft which register with these 
bearings at every bottom stroke of the piston. The loads on these links 
and link pin bushings are due to the inertia force of the piston assembly 
away from the cam. The cam is so shaped that there is a practically con- 
stant load on these links at an> given engine s])ecd. 

The four-cylinder X arrangement lends itself admirably to air cooling. 
Moreover, the cam mechanism allows a more compact arrangement of cyl- 
inders, so that the overall diameter is considerably less than that of the con- 
ventional radial of equal ])ower output. This small overall diameter, to- 
gether with the wide gap between adjacent cylinders results in a small 
projected frontal area and allows good visibility. The excellent streamline 
.shai)e of the main engine case and the absence of engine accessories pro- 
jecting into the streamline, also reduces the head resistance. The installa- 
tion of this engine requires no engine cowling and te.sts have shown that 
the engine will cool satisfactorily at full throttle in a 30 mile air blast. 

Detroit Aircraft Engine. — This five-cylinder radial air-cooled engine 
is from designs by Glen 1). Angle and is produced by a syndicate known 
as the Detroit Aircraft Engine works in which Cai)tain E. V. Ricken- 
backer, the leading American Ace was actively interested. This engine has 
been designed exclusively for commercial purposes and with a view to 
economical quantity ]^roduction when the demand' warrants a large out- 
put. This engine, shown at Fig. 136 is easily installed in any type of air- 
plane. It develoi)s 60 horsepower at 1,850 r.p.m. and 75 horsepower at 
2,400. It weighs 220 pounds, equipped wdth two magnetos and ready to 
fly. The cylinder bore is 4 inches, the piston stroke is 3J<2 inches, the total 
piston displacement being 220 cubic inches. 

Cylinders are cast individually from the finest grade of nickel-iron 
Cooling fins arc of the circumferential type l)eing integral. Single inlet 
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and exhaust valves are placed directly in the spherical shaped combustion 
head ; their axes are inclined to the axis of the cylinder so as to obtain the 
best possible conditions for cooling. 

Two spark plugs are provided for .each cylinder. Valves are operated 
through push rods l^y rockers which are supported on the valve port 
flanges. The flanges with rocker arms attached, may each be removed as 
a unit. Valve tappet clearances may l)e adjusted at the outer ends of the 
duralumin push rods. 



Fig. 136. — Front View of Detroit Five Cylinder Radial Air-Cooled Aviation Engine. 

Crankcase is a simple barrel-shaped aluminum casting which contains 
a cored passage which constitutes the intake manifold. Directly back of 
each cylinder, there is attached to the crankcase a flange with a pipe lead- 
ing to the inlet valve of that particular cylinder. Crankcase has one trans- 
verse wall containing a boss for supporting’ the rear crankshaft bearing. 
To the rear of this wall are the radially dis])ose(l l)osses receiving the 
guides for the cam followers, as well as l)osses for the engine support 
studs, and a studded flange for su])iK)rting the gear case. Forward from 
the transverse wall are flanges and o[)eniiigs for attaching the cylinders, be- 
sides the carl)uretor flange and oil drain connection located on the bottom. 
The simplicity of the installation is clearly shown in Fig. 137, a four arm 
bracket being bolted to the front fuselage bulkhead. 
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Fig. 137. — View at Left Shows Simple Installation of Detroit Aircraft Engine. The Counterweighted Crankshaft with Anti-friction 

Bearings is SSown at Right 
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The crankcase which is shown at Fig. 138 B has a large opening in 
front which is sufficient in size to permit the crankshaft and connecting 
rods being inserted as a unit. Hence the connecting rods and crankshaft 
counterweights can be fitted before final assembly with the saving of con- 
siderable time and Avith greatest economy. This large opening in front 



Fig. 138. — Important Parts of Detroit Aircraft Engine. A — Connecting Rod Assembly, 
Note Substantial Master Rod. B — Front View of Crankcase Showing Valve Tappet 
Guides. C — Showing Cam Ring and Oil Pump. Drive Group. 

is covered by a ])late which carries the ball bearing which sustains the pro- 
peller thrust. Crankcase is featured by its simplicity and rugged construc- 
tion. 

Crankshaft has a single throw with a counterweight attached at each 
side. It is supported on two ball bearings; the forward bearing, as stated 
above, carries the thrust of the propeller. The usual taper and key joint 
for the propeller hub is provided in front, while at the rear is a driving slot 
receiving the shaft which drives the cam and other units. The crankshaft 
shown at Fig. 137 is simple and light, weighing only slightly over ten 
pounds. It is nevertheless ruggedly designed and made from a suitable 
drop-forged alloy steel and heat-treated to obtain the best physical proper- 
ties. The counterweights are securely attached and their use gives almost 
perfect balance to the rotating and reciprocating parts. 



AIR-COOLED ENGINES 


327 


The drop-forged duraluminum connecting rods are of the articulated 
type — that is, for the top or number one cylinder the rod and cap have full 
bearing on the crankpin and to these are attached the four linked rods 
of the other cylinders. The shanks of the rods have the usual H section, 
and the master rod and cap are held together by four bolts which also 
locate and secure the pins supporting the inner ends of the linked rod's. 
Bearing on the crankpin is of amjde ])roportions and under full pressure 
lubrication. Rods are of light weight and loads are comparatively low, and 
since the babbitt is applied directly to the master rod and cap, the heat 
dissipating qualities of the bearing are of the best. The connecting rod 
assembly is shown at Fig. 138 A. 

Pistons are made from ])ermanent mold aluminum alloy castings and 
provided with cooling ribs underneath the head. There are three rings per 
piston, the lower one serving as an oil scraper, and the piston pins float 
in both rods and pistons. Pistons are assembled after the crankshaft with 
connecting rods is positioned in the crankcase — thereupon the cylinders can 
be attached to the crankcase. 

The aluminuin gear case shown at Fig. 138 C which is attached to the 
rear of the crankcase, supports the cam ring and the oil pump, as well as 
gears for driving same. The gear case may be removed and replaced with- 
out aiTecting the valve timing in the least, therefore when the engine has 
once been timed tliere need be no fear of getting it out of adjustment dur- 
ing inspection or while making repairs. One of the unique features of this 
design is the single ring of three cams which operates all ten valves^ Igni- 
tion is by two Scintilla magnetos. The carburetor is a special Stromberg. 
Imbrication is by high ])ressnre pump .system, pressures up to 100 pounds 
per square inch being obtained if desired. Oil passing the relief valve is 
returned to the inlet side of the pressure ])ump. Another pair of gears in 
the ])uinp returns the excess oil to an outside tank. The cylinders extend 
far into the crankcase and provide an oil sump between the two lower 
cylinders sufficient to retain and jmevent excess oil from draining into 
these cylinders before being returned to the tank by the scavenging pump. 
Gears, pistons, and ball bearings on the crankshaft are lubricated by oil 
sjn'ayed from the bearings and moving jnirts. 

The Super Rhone Engine. — This is a modification of a very popular 
wartime engine that was built originally to be a revolving cylinder fixed 
crank type. A special conversion has been designed and patents applied 
for by Charles E. Quick and the modified engine is produced by a firm 
who purchased the wartime surplus from the Government. The Le Rhone 
rotary engine, which forms the basis of this engine, was used by France 
and hmgland in very large quantities and with excellent results. Convert- 
ing the engine to a fixed radial type has resulted in a marked decrease in 
fuel and oil consumption with a resulting increase in power output be- 
cause the engine can be run faster with fixed cylinders and the horsepower 
formerly used in turning the cylinders through the air is now delivered to 
the crankshaft. Most of the American pursuit pilots who were instructed 
at the Third Aviation Instruction Center of the A. E. F. at Issoudoun, 
indre, France received their preliminary training on airplanes equipped 
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with the Le Rhone engine. The cylinders are of steel with circumferential 
flanges turned on the barrel and longitudinal flanges milled in the heads. 
In the rotary form, the gasoline was admitted through a hollow crankshaft, 
and castor oil was necessary for engine lubrication, and large quantities of 
oil were thrown out of the exhaust ports as the cylinder assembly re- 
volved. This made this form of engine an exceptionally dirty form to ride 
behind, which of course, was true of other rotary types such as the Gnome 
and Clerget. Cowling interfered with the cooling so pilots trained with the 
rotary engines know the taste and smell of partially burned castor oil 
very w^ell. None of these faults are found in the Super Rhone. 



Fig. 139. — The Super Rhone Radial Air-Cooled Engine. 


From the nature of its construction', with its taper jointed counterbal- 
anced crankshaft of single tlirovv, complete disassem])ly can be accom- 
plished by a mechanic of ordinary ability in thirty minutes time, thereby 
reducing lost flying time in scliedule service to a minimum. The saving in 
weight through the elimination of the radiator and the water piping and 
connections, as well as the water itself, j^ermits greater pay-load than with 
the water-cooled engine, and, at the same time, it removes a cause of fre- 
quent trouble with conseciuent forced landings. The absence of the radia- 
tor reduces head resistance, giving greater speed and maneuverability, and 
again reduces cost. 
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In the Super Rhone engine shown at Fig. 139 any complications in effec- 
tive air-cooling have been entirely overcome by a simple process which 
admits fresh air, under atmospheric pressure, to the crankcase, and which 
forces a complete change of air within the crankcase with each revolution. 
Thus, excessive accumulation of heat at the center is eliminated by the free 
passage pf fresh cool air, this tending also, by regulation of temperature 
and pressure, to reduce oil consumption to a minimum. 

The engine mounting which forms the basis of the conversion also 
serves as an intake manifold, is a strong, clean aluminum casting of tested 
strength. It carries, on its rear and lower side, a flanged face opening to 
which the carburetor is attached and from which opening the explosive 
gases are carried to a central chamber from which they are conducted by 
individual ducts to apertures in the periphery of the casting where the intake 
pipes that lead to each cylinder are fastened. Thus each cylinder draws 
its gases as needed from this central chamber, eliminating thereby the ex- 
cessive amount of gas in any one cylinder which is the most frequent cause 
of fouling in air-cooled engines and often attributed to lubrication faults. 
This engine mounting has two properly surfaced flanged extensions toward 
the rear, two inches wide and thirteen inches long, which form the means 
of fastening the engine to two engine beds as is the practice in water-cooled 
types. This cheapens installation costs by the elimination of expensive 
circular mountingp brackets, and readily adapts the engine to installation in 
the usual mantieh The engine mounting, also, carries the magneto and 
oil pump, atfd the scavenger pump, and it is to be noted that the engine 
l^roper may be withdrawn from this mounting without disturbing fuel, oil 
or electrical connections and controls. 

The crankshaft of the Super Rhone has been carefully and efficiently 
counterbalanced, and vibration is reduced to a minimum. The rear end of 
the shaft extends backward about 16 inches, and from it are driven the 
magneto, oil pumps and distributor. The lubrication of the Super Rhone 
is effected with ordinary mineral oil of high viscosity, easily obtainable in 
any locality. Castor oil is not needed. Oil is supplied to the pump from 
which it is forced through a duct drilled through the length of the crank- 
shaft to the working parts. 


SPECIFICATIONS 


The general sjjecifications of the Super Rhone engine are as follows: 


'fype 

Number of cylinders 

Bore • 

Stroke 

Piston displacement 
Compression ratio . 
Direction of rotation 
Fuel-consumption . . . 

Oil consumption 

Rated power 

Normal speed 

Weight 


Air-cooled fixed radial 
Nine) 

105 nini. or 4.13 in. 

140 iiini. or 5.51 in. 

6()7 cu. in. 

5.2 :A 

Counter-clockwise 
to lOl/j gal. 
per hr. 

^ to 1 gal. per hr. 

120 hp. 

1400 r.p.m. 

340 11). 
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The installation dimensions of the engine arc: 


Length, overall 36 in. 

Diameter, overall 36 in. 

Engine bed flanges, inside clearance 11 9/16 in. 

Engine bed bolts, center to center 13 9/16 in. 

Distance, bottom of carburetor to engine bed.. 13 in. 

Distance, hub line to carburetor 19 in. 


Wright “Whirlwind” J-4A Engine. — Some years ago, through the fore- 
sight of Commander B. G. Leighton, then in charge of engine development 
for the Navy, the Bureau of Aeronautics gave the Lawrance Company an 
experimental contract for the development of a small nine-cylinder engine. 



Fig. 140. — Wright “Whirlwind” J 4 Radial Cylinder Engine. At Left — Viewed from 
the Propeller End. At Right — Rear View Showing Carburetor and Induction System. 

using the cylinders developed for the three-cylinder engine. This engine 
was known as the J-1. A number of these engines were put into Naval 
service, beginning about four years ago. The J-1 was followed successively 
by the J-3, J-4 and J-4A, which were developed by the Wright Company 
after its merger with the Lawrance Company and two recently designed 
forms the J-41^ and the J-5 have also been developed. These engines are 
now practically standard in the 200 horsepower class, several hundred being 
now in service. To the Navy, therefore, should go the credit of first put- 
ting air-cooled engines to work in this country, though the Army used 
thousands in its aviation school system in France for training purposes. 
Owing to its use by the Navy and numerous commercial airplane construc- 
tors, the Wright “Whirlwind” series is probably the best known and most 
widely used of the contemporary radial designs. The J-4A type is shown 
at Fig. 140 and the improved J-S is illustrated at Fig. 141. This differs 
from the earlier type in numerous detail refinements. The valve gear is 
enclosed and a three-barrel carburetor is used. The problem of fuel dis- 
tribution is an important one in radial engines. 

Various systems of gas distribution have been used. So far, the most sat- 
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isfactory has been three separate three-cylinder induction-systems, con- 
sisting of circular manifolds with cylinder leads 120 degrees apart, each 
provided with its own carburetor. If a single inlet-valve becomes inopera- 
tive, only three of the nine cylinders are affected. This system has the dis- 
advantage of considerable weight and complication. A modification has 
been used by the Wright Company in which the three manifolds are con- 
nected to a single double-barrel carburetor in the J-4A and there is very 
little more complication in the three-barrel type used on the J-S engine. 



Fig. 141. — Wright ‘^Whirlwind” J 5 with Enclosed Valve Gear Viewed from the Rear. 


A third system of considerable promise is the rotary distributing-sys- 
tem, in which a single car))uretor is used in conjunction with a small 
blower from which the gas is taken tangentially to the various cylinders. 
The blower not only distributes the gas uniformly, but thoroughly mixes 
the fuel with the air and prevents puddles of fuel from forming in the induction- 
system. This system is used in the Pratt and Whitney '‘Wasp’' engine. 
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The mechanical l)alaiicc of a radial engine involves the use of counter- 
weights. These are calculated so as to balance the entire weight of the 
connecting rods and the pistons attached to the crankpin. 

The center of gravity of this system travels a])proximately in a circle 
about the crankshaft so that ])ractically ])erfect mechanical balance can be 
secured. It has been found that a fair approximation to this method can 
be secured by balancing one-half the reciprocating and all the rotating 
weight, considering it all to be on the crankpin. With the longer strokes, 
the travel of the center of gravity becomes an ellipse, so that it is neces- 
sany^o determine upon the best circle and to make an approximation of the 
balance. The concentration of all the connecting rod weights upon one 
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crankpin results in large counterweights ; for example, a 1,650 cubic inch 
engine may require counterweights that weigh approximately 60 pounds. 

The design of the master connecting rod, Fig. 142 involves a study of 
knuckle-pin travel that is particularly interesting. The knuckle-pin ad- 
jacent to the master-rod, Avhich is usually put into the vertical or No. 1 
cylinder, travel in nearly circular paths, wdiile the pins for rods Nos. 5 
and 6, which are at the bottom, have an ellipsclike motion, with the long 


Spark Pjug .. ^^Inducfion Pipe 

Mummum Cylinder Head ' " f / 


Valve 

Spnnq\ Valve Rocker 


Valve 

Stem- 





Carburelor 


WRIGHT 
Whirlwind Engines 
Models J4'A - J4'B 
Asvmhly Drawing 

I TrSnivctK Scitivn ) 


Fig. 143. — Transverse Section Assembly Drawing of Wright “Whirlwind” Engines, 

Models J 4 A and J 4 B. 


axis nearly at right angles to the cylinder center-line and considerably 
greater than the stroke. 

To equalize the compression ratio of the various cylinders, it is neces- 
sary either to vary the knuckle-pin centers with respect to the crankpin, 
or to use different heights of cylinder-pads. As the motion of certain 
knuckle-pins becomes more and more elliptical the farther removed they 
are from the crankpin, an effort is made to keep the crankpin small and the 
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knuckle-pins as close to the center of the pin as possible. The master-rod 
necessarily receives considerable bending due to the forces applied by the 
link-rods. For this reason it is necessary to make the master-rod of con- 
siderable section in the shank. Due to this condition, trouble might be ex- 
pected from the added sidethrust on the master-rod piston. No difficulty 
is experienced from this in practice. 



WRIGHT 
Whirlwind Engine 
ModcN J4'A.J4'B 
AMfinbly Drawing 

(Stciloa thru AcuMory Drive) 


Se( C-C 



Section B-B 


ThroH/e Confro! 
Rear Open 
/Foreward Closed 


Mixfure Confro! 
Rear Rich 
Foreword Lean 


Sechon thru Oil Filter 
and Oil Pressure ReheF 


Fig. 144. — Assembly Drawing Showing Section Through Accessory Drive of Wright 
Models J 4 A and J 4 B Engines. 

The general construction of the J-4A and J-4B engines can be under- 
stood by study of the transverse section at Fig. 143 and the section taken 
through the accessory drive casing at Fig. 144. The construction of the 
J-5 Whirlwind engine can be gras])ed by inspection of the oiling chart at 
Fig. 145. The dimensioned installation drawing at Fig. 146 is also valuable in 
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showing how compact this form of power plant is. The table of specifications 
which follows is furnished by the Wright Aeronautical Cori^oration and gives de- 
tailed information regarding the three latest forms of Whirlwind engines. 
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TABLE OF SPECIFICATIONS 
For J-4A, J-4B and J-5 Engines 


General 


Average H. P. at Normal R. M 

Type 

1. Number of Cylinders 

2. Bore 

3. Stroke 

4. Piston Displacement 

5. Compression Ratio 

6. Normal Speed in Revolutions per Min 

7. Guaranteed Brake IP^rscpower, Sea Level at 

Normal R. P. M. with Aviation Gasoline 

8. Direction of Rotation of Crankshaft (looking 

at propeller end of engine) 

9. Direction of Rotation of Cam (looking at 

propeller end of engine) 

10. Tachometer Shaft Speed 

11. Direction of Rotation Tachometer Shaft 

(looking into open end of tacli. drive) 

12. Average w^eight ()f engine complete with 

propeller hub, flange and bolts, carburetor 
and tv/o magnetos. Without oil radiators, 
tanks, starting device, gasoline .system, pro- 
peller, fuel pump or generator 

13. Average weight of engine complete with car- 

buretor, two running magnetos, sjiark plugs, 
high tension woVing and synchronizer drives. 
Without oil, exhaust pipes, exhaust flanges, 
starting device, fuel pump, propeller hub, 
flange and bolts. (Propeller hub Assy. 13 
lbs. additional w’cight) 

14. Diameter Mounting Bolt Circle 

15. Number of Mounting Bolts 

16. Size of Mounting Bolts 

17. Overall Dimensions: 

Overall length of engine Aero-marine 

Starter 

Erlip.se Starter 

Overall diameter out.sidc of rocker arms 


IGNITION 

18. Magneto Type .* 

19. Direction of Rotation of Magnetos (looking 

at drive coujiling end) 

20. Magneto Speed 

21. Magneto Breaker Point (iap: 

Splitdorf Magneto 

Scintilla Magneto 

22. Spark Plqg Point Gap 

23. Spark occurs crankshaft degrees bef(»rc top 

dead center 


J-4A and J-4B 


212 J-4A 
220 J-4B 
Air-Cooled 
9 

4.5" 

5.5" 

788 cu. in. 
5.3 
1800 

200 

Anti- 

clockwise 

Clockwise 
Vj Crankshaft 
Anti- 
clockwise 


478 lbs. 


8 ToUi\ 

3974 " 


39.)ji" 

43 ^ 4 " 


Scintilla 
Both Counter 
Clockwise 
Times 
C'rankshaft 

.020"-.024" 

. 012 " 

(A.C.) 

.020"-.025" 

30 ' 


J-5 


220 

Air-Cooled 

9 

4.5" 

5.5" 

788 cu. in. 
5.4 
1800 

200 

Anti- 

clockwise 

Clockwise 
Yz Crankshaft 
Anti- 
clockwise 


500 lbs. 

19 ) 4 " 

8 Total 


40V.'«" 

45" 


Scintilla 
Both Counter 
Clockwise 
\y^ Times 
Crankshaft 

. 012 " 

(B.G.) .015" 
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GENERAL 

VALVES AND TIMING 
(With hot or ninnin);^ lappet clearance) 

24. Intake Closes 

Intake C>pcns 

25. Exhaust Opens 

Exhaust Closes 

26. Exhaust Remains Open (Crankshaft De- 
grees) 

27. Intake Remains Oi)en (Crankshaft Jfef'rees) 

28. Valve Lift 

29. Valve Tapi)el Clearance (l)oth valves) 

Hot or running clearance 

Cold clearance 


FUEL SVSTICM 

v30. Carburetor 'J yiK* 

31. Carburetor Setting.s: 

Venturi (choke) 

Metering Jet 

Accelerating Well Jlore (llj)per).. 

(Lower) . . 

Main Jet Air Lleed 

Idle Metering Jet 

Idle Air Bleed 

Float Level below jjarling line.... 

32. Guaranteed F'uel-Consuini)tion . 

Lbs. per 11. F. Hour at 200 II. 

Normal R. M. V 

33. Correct IVessurc on Intel Siip))hn 

Lbs. per Sq. In 

LCTBRICATlN(i S'l KM 

34. Guaranteed Oil (Consumption, lbs. pet Ji F 

Hr. Not Over 

35. Correct Oil TVessiire (lbs. per s(| in ) at Nor j 
inal R. F. AT. at reconiineiuled oil tcniperatnia'i 

3(». Quantity of oil circnlaled ])er ininnte .it nor-j 
mal pressure and tenipi’ratiire (lbs. per nnn,); 

37. Alininiuni Safe Quantity of ( )il in \\bole sy 

tem, gallons 

38. Maximum Fcrmissible Outlet 'reniperalni e ofj 

oil under worst conditions''^ 

39. Desired maxiniuin oil outlet tenipei .itiire in 

normal operation’'' ; 

40. Speed of Oil Funip 

41. Direction of Rot.ition of ( )il Fumi) (looking 

at driven end of shaft) 

42. Hose Connections Ref|nired btt\\<*en engine 
and lubricating S 3 \stein: 

Inlet r Inside Diameter 

and 

Outlet Number of Pieces 

43. Valve Spring Loading (Plus or minus 


J-4A and J-4B 

J-5 

00° A.B.C 

60° A.B.C. 

8° B.T.C. 

8° B.T.C. 

00° B.B.C. 

00° B.B.C. 

8° A.T.C. 

8° A.'L'.C. 

248° 

248° 

248° 

248° 

V lo" 


.000" 

.()()()" 

.010" 

.040" 


Stroniberg 

Stroniberg 

NA-LTSG 

NA-T4 

ur 

IV..*" 

t43 

tS] 


M" 

tl4 

JM 

.1:53 

*55 

1-58 

*(.0 

.t50 

*40 


IV.n" 

.00 

.5J 

4 

4 


.025 

.035 

60 

()0 

27 

27 

2 

7 

180° 1C 

180° [<. 

120° F. 

120° 1^ 

(_'raidc shaft 

(.'ra nkshaft 

S])fed 

.Speed 

Anti- 

Anti- 

clockwise 

clockwise 

•>4" 

•>'4 

2 

2 
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Pratt and Whitney *‘Wasp” Engine. — The Pratt and Whitney ''Wasp'^ 
was primarily designed and developed to meet the exacting requirements 
of a power plant for use in the high speed single and two-place military 
fighting planes. The general features of construction are shown in the 
external views, Figs. 147, 148 and 149. The cylinder disposition of the 
radial type alone provides uniform and maxinuini cooling for each cylinder. 
The cylinder is built up with an aluminum head screwed and shrunk on a 
steel barrel with integral fins. The valve seats are bronze shrunk into the 
aluminum head, while the s])ark plugs screw directly into the aluminum. 



Fig. 148.- -Three-Quarter Rear View of Pratt Whitney “Wasp,” Showing Ignition 
Magnetos, Carburetor, Eclipse Starter and Induction Pipes. 

It has been found possible to oi)cratc '‘Wasp” engines on straight aviation 
gasoline at rated power M'ith .48 fuel-consumption. This is an excellent 
measure of good cylinder cooling. On standard straight fuel 130 pounds 
m.e.p. is obtained with zero pressure in the intake system, while 140 
pounds has been consistently developed with 30 per cent benzol or its 
equivalent. 

The rocker boxes are formed as a part of the cylinder head castings, 
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and are provided with a quickly detachable cover held on by a bale wire, 
completely enclosing both the rocker arm and the valve spring. In con- 
junction with the telescopic push rod enclosure tube, the whole valve gear 
is thus enclosed, but quickly accessible for inspection. The rocker arms 
are mounted on small ball bearings which obviate the need for daily lubri- 



Fig. 149. — Side View of Pratt and Whitney “Wasp” Engine. 


cation. Timing compcmsatioii for the elongation of the cylinders is ])ro- 
vided in the cam and ta|)])et. 

Grouping all the accessories in the rear has resulted in an engine very 
easy to cowl, and provides for unusually symmetrical fuselage lines. 
Equally as important as these aerodynamic features is the complete ])ro- 
tection from the elements of all accessories. Ready access may be provided 
to all the accessories through inspection doors in the fuselage. In the one 
group provision is made for the two magnetos, starter, two synchronizer 
heads, tachometer, generator, oil pump, and fuel pump as well as a step-up 
gear for the supercharger. The ‘"Wasp” engine is equipped with a Gen- 
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Fig. 152. — Typical Bay of Pratt and Whitney Assembly Floor Showing Progressive 
Assembly of “Wasp” Aircraft Engines. 

factors for crank speeds on the lai\^cr radial types. Rigid crank- 
shaft sii])port is a1)Solnlely necessary. For tliis pur])ose a forged instead 
of cast aluminum craidscase as sliown at lM*g. 151 C is used, consisting of 
two identical ])ieces facing each other and held together by nine J.hrough 
l)olts, one betAveen each two cylinders. This construction is l)Oth ex- 
tremely strong and very light. Moreover, the load is ecpially divided be- 
tween the two main bearings, and c()nse(|uently no working takes place 
between the crankcase sections. })y means of the solid master rod, large 
diameter crankshaft, unique crankcase, and method of engine support, high 
crank si)eeds have been provided for. 



Fig. 153. — Vought “Corsair” Service Biplane Equipped with Pratt and Whitney 

“Wasp” Engine. 
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The rear sections, of which there are two, the blower and rear, form an 
assembly by themselves as shown at Fig. 151 B. This makes it possible to 
divide the engine into two units for assembly as well as service work, the 
power end consisting of Ihe main case and nose, the shaft, rod, pistons, 
cylinder shown at A and valve gear, and the accessory end, including the 
mounting supercharger and gearing, and all accessories and their drives. 
Should occasion arise, the ''power end” can be removed from an airplane 
and another substituted without disturl)ing the "accessory end.” This is 
possible because the engine is supported on the blower section, and the 
support is arranged as nearly on the center of gravity of the engine, and as 
far removed from the crankshaft as possible. As will be seen by examina- 
tion of the photograj)h showing an assembly floor in the factory, the de- 
sign is such that assembling can be done with groups that are bench as- 
sembled first and then united to form the comi)]ete power plant. Atten- 
tion is directed to the special engine assembly stands shown at Fig. 152. 



Fig. 154. — Installation of “Wasp” Radial Air-Cooled Engine in Vought “Corsair” 
Plane is Easily Accomplished by Fuselage. Front End Construction Shown above. 
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The accessories are carried at the rear of the crankcase and behind 
the mounting^, where they are completely enclosed in the forward bay of the 
fuselage just ahead of the fire-wall. Ready access to all the accessories is 
provided through a single opening in the cowling on either side of the 
airplane, which is normally closed by side plates provided with louvers 
as shown at Fig. 153 which shows a Vought Corsair biplane, *'Wasp’' 
equipped. 



Anzani, a Pioneer Air-Cooled Engine Designer, Testing his Five-Cylinder Air-Cooled 
Aviation Motor Installed in an Early Model Bleriot Monoplane. Note Exposure of 
Flanged Cylinders to Propeller Slip Stream and High Resistance of Engine and 

Plane Parts. 


The accessory drives were a considerable problem, since it was desired 
to use the minimum nuin])cr of gears, preforal)ly ;ill of the s])ur type, to 
arrange for removing the engine from the air])lane without dismounting 
anything else and still have as com])act and liglit an asscml)ly as possible. 
When it is considered that drives must be i^rovided for two niagnetos, a 
starter, two synchronizer-heads, a tachometer, generator, oil pump, and 
fuel pump, as well as for a stei)-up gear for the supercharger, a total of 10 
drives, it will be realized that the solution was not easy. It was finally 
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vSolved by usin^ three lay-shafts ap])r()ximately 120 degrees apart, all driven 
from the crankshaft by a single spur-gear. An Eclipse momentum starter 
engages with the uppermost shaft through a dog-clutch. Provision is made 
oil the shaft for a generator-drive by using a pair of bevel-gears. Each of 
the lower shafts drives a Scintilla magneto at its outboard extremity. In 
addition, three bevel-gears provide a vertical drive, both upward and 
downward, for each lower lay-shaft. Upward, they drive directly the 
synchronizer-heads and indirectly, liy a small worm-gear, the tachometer. 
Downward, one drives the fuel pumj) and the other the oil pump. The 
crankshaft gear previously mentioned is a dual sjnir, one gear of which 
drives the su])crcharger impeller through a sjnir step-up. 

This arrangement is shown at 1^'ig. 151 E. The mounting jilate and 
the manner in which it is attached to the fuselage by triangular braces 
built up of tubing is clearly outlined at Fig. 154. This construction per- 
initjj the removal of the entire ])ower i)lant with its mounting plate and 
struts by removing four bolts, one each at the apex of the triangular mem- 
bers formed by the juncture of vertical and horizontal struts. Of course, 
controls, instrument dri\es and oil and fuel lines must be disconnected. 
The mounting shown is that of the Vought at Ing. 153 Avith all cowling 
removed. 


SI’KCII'ICATIONS OF WASP FNCINE* 


f Air-c*()oIi‘(I 
I'ixod 
Radial 

No, C\diii(k‘rs 9 

Jlorc '. 5.75" 

Stroke 5.75" 

l^isijlacc’iiicjit 1J44 cn. in. 

Average M. I', at Sea Revel 425 ILF at 1900 K.T’.M. 

Wciplit 050 Ihs. 

Length Over All 43}^" 

Diameter Over All . . .. .. 50s^" 

Di.slanec MoiinlinK^ Lianne Fiid of Fro])eller lliil)... 29 ^^" 

lAiel-Con.siiniplion (Lhs fier II F. Hr.) .52 

Oil Consumption (Lbs. per JI. 1\ Hr.) .025 


gUICS'LlONS bOK KFA'IFW 

1. Name important advaiil.n^es of air-e(»oled en.uines 

2. Must all air-cooK'd en^j^ines be of tbe radial ty])e.-' 

3. Outline important coiisiilcrations in desipniii^ air-cooled cylinders with special 
reference to cooling fin.s. 

4. What materials are used in air-coolcd cylinders? 

5. How arc exhaust valves cooled in air-cooled engines? 

6. Describe simple ojiposcd cylinder engine. 

7. How does the Fairchild-Caminez engine dilTer from conventional ])ractice? 

8. Describe connecting rod arrangement of Wrigbt Whirlwind engine. 

9. How are cylinder sleeves fastened in aluminum cylinders? 

10. When aluminum alloy is used for cylinder heads, how does it resist melting 
from high explosion temperatures? 
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AVIATION ENGINE DESIGN AND CONSTRUCTION- 
WATER-COOLED ENGINES 

Wartime Water-Cooled Types — Curtiss OX Series — Hispano-Suiza Model A — 
German Mercedes Engine — The Liberty Motor— Water-Cooled Cylinder Develop- 
ment — Wet Sleeve Construction — Wright Water-Cooled Engines — Packard Air- 
craft Engines — Packard Oil-Cooled Valves — Packard Multiple Cluster Valve 
Springs — Packard Lubricating System — Curtiss Aviation Engines of Recent De- 
sign— Beardmore Six Cylinder Engine— Sunbeam 18 Cylinder Engine — Many 
Materials Used in Aviation Engines. 

Wartime Water-Cooled Types. — In order to enable the reader to un- 
derstand ihc great progress that has been made in water-cooled aviation 
engine design as well as in radial air-cooled types, before describing the 



Fig. 155.— Rear View of Curtiss OX 2 90 Horsepower Airplane Motor Showing Car- 
buretor Location and Hot Air Leads. 
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Fig. 156. — Front View of Curtiss OX 3 Airplane Motor, Showing Unconventional 
Valve Action by Concentric Push Rod and Pull Tube. 

more recently designed engines, it will be instructive to show and briefly 
describe the engines that were most popular nearly a decade ago. These 
include the Curtiss OX series, the Hispano-Suiza and the Liberty motor. 
Many of these engines are still in use because the Government had surplus 
stocks of thousands of these power plants at the close of the war and 
many of these have been used in civilian airplanes as they were sold at 
low prices to the public. The most ^practical of the present day water- 
cooled engines arc refinements of these earlier types. 

Curtiss OX Series. — The Curtiss OX series motors had eight cylinders, 
4-inch bore, 5-inch stroke, delivered 90 horsepower at 1,400 turns, and the 
weight turns out at 4.17 pounds per horsepower. This motor shown at 
Figs. 155 and 156 has cast iron cylinders with monel metal jackets, over- 
head inclined valves operated by means of two rocker arms, push-and-pull 
rods from the central camshaft located in the crankcase. The cam and 
push rod design is extremely ingenious and the whole valve construction 
was very light for that early day. This motor is an evolution from the 
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early Curtiss type motor which was used by Glenn Curtiss when he won 
the Gordon Bennett Cup at Rheims in the early days of aviation. A 
slightly larger edition of this type motor is the OXX 5, as shown at Fig, 
157 which has cylinders inches by 5 inches, delivers 100 horsepower 
at 1,400 turns and has the same fuel and oil consumption as the OX type 
motor, namely, .60 pound of fuel i)er brake horsepower hour and ,03 pound 
of lubricating oil per brake horsepower hour. 

Hispano-Suiza Model A. — The Model A Hispano-Suiza is of the water- 
cooled four-cycle Vee type, with eight cylinders, 4.7245-inch bore by 5.1182- 
inch stroke, piston displacement 718 cul)ic inches. At sea level it develops 
150 horsepower at 1,450 r.p.m. It can be run successfully at much higher 
speeds, depending on propeller design and gearing, devcloi)ing proportion- 
ately increased power. The wxight, including carburetor, two magnetos, 
propeller hub, starting magneto and crank, but without radiator, water or 
oil or exhaust pipes, is 445 ]K)unds. Average fucI-consumj)tion is .5 pound 
per horsepower hour and the oil consum])tion at 1,450 r.p.m. is three quarts 
per hour. The external appearance is shown at Fig. 158. 

Four cylinders arc contained in each block, which is of built-up con- 



Fig. 157A and B. — Top and Bottom Views of Curtiss OXX5 Engine. 
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struction; the water jackets and valve ports arc cast aluminum and the 
individual cylinders heat-treated steel forgings threaded into the bored 
holes of the aluminum castings. Each block after assembly is given a 
number of protective coats of enamel, both inside and out, baked on. Coats 
on the inside are applied under j)rcssure. The pistons are aluminum cast- 
ings, ribbed. Connecting rods are tubular, of the forked type. One rod 
bears directly on the crankpin; the other rod has a bearing on the outside 
of the one first mentioned. 

The crankshaft is of the five-bearing type, very short, stiff in design, 
bored for lightness and for the oiling system. The crankshaft extension is 
tapered for the French standard propeller hub, which is keyed and locked 



Fig. 157C. — Curtiss OXX5 Aviation Engine is an Eight Cylinder V Type Largely 
Used on Early Training Machines and Used Today on Moderate Powered Planes for 

Civilian Use. 

to the shaft. This makes possible instant change of propellers. The case 
is in two halves divided on the center line of the crankshaft, the bearings 
being fitted between the iipi)er and lower sections. The lower half is deep, 
providing a large oil reservoir and stiffening the engine. The upper half 
is simt)le and ])rovides niagnelo sn]>ports on extension ledges of the two 
main faces. The valves are of large diameter with hollow stems, working 
in cast iron bushings. They are directly operated by a single hollow cam- 
shaft located over the valves. The camshafts are driven from the crank- 
shaft by vertical shafts and bevel gears. The camshafts, cams and heads of the 
valve stems are all enclosed in oil tight removable housings of cast aluminum. 
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Oiling is by a positive pressure system. The oil is taken through a filter 
and steel tul)es cast in the case to main bearings, through crankshaft to 
crankpins. The fourth main bearing is also provided with an oil lead from 
the system and through tul)es running up the end of each cylinder block, oil 
is provided for the camshafts, cams and l)earings. The surplus oil escapes 
through the end of the camshaft where the driving gears arc mounted, and 
with the oil that has gathered in the top casing, descends through the drive 
shaft and gears to the sump. 

Ignition is by two eight-cylinder magnetos firing two spark plugs per 
cylinder. The magnetos are driven from each of the two vertical shafts by 
small bevel pinions meshing in bevel gears. The carburetf)r is mounted 
between the two cylinder blcKks and feeds the two blocks through alumi- 
num manifolds which are i)art]y water jacketed. The engine was some- 
times equi])ped with a geared hand crank-starting device. 



Fig. 158. — The Simplex Model A Hispano-Suiza Aviation Engine, a Very Successful 

Early Form. 

So fine was the design of the I lispano-Suiza, so advanced the engineer- 
ing ideas eml)odied in it, so splendid the workmanship, and so stringent the 
control of material, that even today, eight years after its production was 
discontinued, hundre{ls of I lispano-Suiza engines are giving splendid 
service. 

The Ilispano-Stiiza aeronautical engine was originally designed at Bar- 
celona, Spain, in September, 1914. Within less than a year, although the 
design was radical and without ])reccdent, se\eral ex])erimental engines had 
been run successfully under the sn])ervision of the technical department 
of the French Air Service. Its manufacture was taken uj) in this country 
by the predecessor of the present Wright Aeronautical Corporation and 
large production was underway on the Model A and a larger 300 horse- 
power type when the Armistice was declared. 

At the conclusion of the war, the Wright Ilispano-Suiza was still the 
world’s finest aircraft engine, but both our Army and our Navy realized 
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Fig. 159. — Mercedes Aviation Engine Cylinder Section Showing Approximately 
Spherical Combustion Chamber and Concave Piston Top, a Pre-War Type that was 
the Ancestor of Many Modern Designs. 

that new and improved engines must be constantly developed if our stand- 
ing was to be maintained. With tremendous reductions in personnel and 
expenditures, they had no possible use for thousands of the engines which 
had been produced under the stress of wartime demand. Commercial avia- 
tion was in its infancy and could not be expected to absorb any such 
quantity of engines for years to come. The Government had but one course 
to follow : to sell the engines for whatever it could get, to firms or persons will- 
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ing to purchase and store them, to take all the risks of depreciation and obsoles- 
cence, and to gamble on being able to sell them in small quantities to com- 
mercial aviators at something of a profit. These surplus engines have been 
disposed of in rather large lots from time to time all over the country. 
They have been bought at astoundingly low prices by various individuals 
and firms, some of whom were directly connected with the aircraft industry 
and some of whom were not. Conversions have been designed so these 
engines could be used in speed boats as well as aircraft. 

German Mercedes Engine. — The sectional view of the cylinder of the 
German Mercedes engine at Fig. 159 is interesting because it depicts a form 
that was undoubtedly the ancestor of numerous more modern forms. The 
section is that of a cylinder of a six-cylinder vertical type and it incorpo- 
rated many features that were worked out in racing automobile practice. 
The early Ilall-Scott engines were based to a large extent on this design, 
as was the Liberty motor. The more modern Packard aircraft engines 
arc a logical refinement and im])rovcment on this early form. The Renault 
twelve-cylinder V engine of the water-cooled form was another early form 
based on the original Mercedes design shown. 



Fig. 160. — Rear and Front Views of Liberty Aviation Engine, an American Develop- 
ment that was Produced in Large Quantities in 1918. 


The Liberty Motor. — This very practical power plant was designed for 
the equipment division of the Signal Corps, United States Army, by a 
commission of leading engineers working under the direction of Major 
J. G. Vincent, Chief Engineer of the Packard Motor Car Company and 
Major E. J. Hall, of the Ilall-Scott Motor Car Company shortly after our 
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Fig. 161. — Oiling System of Liberty Aviation Engine Operated on Dry Sump Principle, Oil from Pressure Pump Going to Bearings and 
Camshafts, the Oil Spray Thrown off by Crankshaft Lubricating Interior Walls of Cylinders and Other Parts. Suction Pump Draws 

all Oil from Crankcase. 







entry into the World War. The ol)ject Avas lo desi.^n a standard engine 
that could be put into quantity production and built by the same methods 
that Avere at)plicd to the production of autoinobile>s in motor car plants. 
Many thousands of these motors were built to interchangeable standards. 
'Phere has probably been no motor that was criticized as much or as un- 
justly as this one. It proved to be a very practical and reliable type in 
service when comj)ared to contem])orary designs of foreign manufacture. 
Designers of more recently developed types take great pleasure in pulling 
this design to pieces and shoAving its Aveak points when compared to the 
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newer engines without taking into consideration that if it was not for the 
experience gained with this and other early engines that the modern highly 
refined power plants would not have been possible. Such comparisons are 
not fair, and when viewed in the light of the knowledge that obtained when 
this engine was first designed; it will always remain an outstanding 
achievement of American engineering and productive skill. The Liberty 
engine construction can be understood by referring to illustrations Figs. 
160 and 161 which show external views and sectional drawings Figs. 162 
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to 164 inclusive which show mechanical details. The cylinders are 45 de- 
grees apart. The cylinder bore is 5 inches, the stroke is 7 inches. The cubic 
displacement is 1,650 cubic inches. The horsepower is 400 at 1,700 r.p.m. 
The compression ratio is 5.40 to 1 and a mean effective pressure of 113 
pounds per square inch is obtained. The engine weighs 806 pounds, as 
shipped, which gives a dry weight of slightly more than 2 pounds per 
horsepower. 

The water pump water passages and cylinder jackets from face of pump 
inlet to the face of the water outlet hold 5.5 gallons or 46 pounds of water. 
The fuel-consumption is .54 pound per horse])ower hour or 36 gallons per 
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hour with wide open throttle at 1,700 r.p.m. The oil consumption is .03 
pounds per horsepower hour or 1.5 gallons per hour with wide open throttle. 
Sufficient radiator capacity should be provided to hold the water tempera- 
ture at not to exceed 200 degrees fahrenlieit and the water temperature 
should not be allowed to 1:>ecoinc lower than 160 degrees fahrenheit or 
carburetion troubles Avill result. Ignition is by special Delco battery sys- 
tem. Two Dual Zenith carl)uretors furnish the mixture. 

The valves are actuated by overhead camshafts driven by bevel gearing 
and vertical shafts. The ignition distributors are mounted at the rear 
ends of the camshafts. The cylinders are steel with applied and welded 
sheet steel jackets. The crankcase is aluminum alloy, made in two pieces 
and is divided on the vertical center line of the crankshaft. The crankshaft 
is a six-throw seven main bearing type. The connecting rods are of the 
scissors type, two rods acting on one crankpin. 

Pistons are of aluminum alloy, having three wide grooves above the 
wristpin, each groove being fitted with one ring. Each piston is provided 
with seven circumferential oil distributing grooves and the piston is re- 
lieved around the wrist])in bosses. Two forms of pistons are available, a 
flat top for low com]wession or training and Navy engines and a domed 
top for high compression types. The oiling system is a pressure feed dry 
sump type, as shown at Fig. 161, the internal parts of the cylinder being 
lubricated by the oil sj^ray thrown olT centrifugally by the revolving crank- 
shaft. The general details of construction are so clearly shown in the 
illustrations that further descri])tion seems unnecessary. 

Water-Cooled Cylinder Development. — There are two generic types from 
which modern water-cooled cylinders have been evolved. Tlie development of 
the cylinders in the Wright aircraft engines is shown in the illustrations at 
Fig. 165, Avhich have been reproduced from the S. A. E. Journal and which 
were used in an article by George J. Mead on “Airplane Engine Designing 
for Reliability.^’ The cylinder shown at A is the original design used in 
the ITispana-Suiza engine, a pre-war type. This cylinder, in common with 
that shown at 11 was used on eight-cylinder V engines. That at B was 
employed on the Wright E2, a W degree V motor having a cylinder dis- 
placement of 7bS cubic inches. The early cylinder construction consisted 
of flanged, closed end steel sleeves threaded into an aluminum block. Mr. 
Mead stated that this engine could not be o])erate(I for more than 30 hours 
at full throttle without valve grinding. The improved cylinder construc- 
tion shown at C was used on the Wright E3 motor and is similar to the 
form shown at B and used on the E2 engine except that no threads are 
used on the sleeve, Avhich is a force shrink fit in the aluminum water 
jacket block. The sleeves were held in position by studs in the top of the 
sleeve which passed through the to]) of the block. This construction was 
not as good theoretically as the threaded sleeve because not as much sur- 
face was in contact with the aluminum jacket wall, but it gave good results 
in practice. In all these types, the valves seated in the top of the steel 
sleeve as shown. In the cylinder used in the Wright E4 engines shown at 
D, the cylinder sleeve is a combination form having threads at the upper 
end only. It is an open tube wherein it differs from the other types shown. 
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The combustion chamber is of aluminum alloy and the valves seat into 
bronze inserts just as in air-coolcd engine practice. The cylinder sleeve 
terminates just above the end of the piston stroke and screws tightly 
against a shoulder in the aluminum combustion head. This method of 
construction is known as the “dry sleeve'' cylinder and was originally used 
on Hispano-Suiza engines and patented by the designer, Marc Birkigt, a 
Swiss engineer associated with a Spanish automobile manufacturer. 



—Cross-Section Showing tub C^xinder De'v'elopmbnt 
IN THE Wright Aircraft Kngine 


Fig, 165, — Cross Sections Showing Cylinder Development in Wright Water-Cooled 
Aircraft Engines. This is Known as “Dry Sleeve” Construction. 
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Wet Sleeve Construction.— The other method of cylinder construction 
is called the “wet sleeve'' and various cylinders have been experimented 
with as shown at Fig. 166. That at A is the well known Liberty engine 
cylinder. The design shown at B is a Curtiss construction in which a 
closed end sleeve is threaded into an aluminum combustion head block, and 
the water jacket is completed by another casting bolted to the combustion 
head. A watertight joint is obtained by a ring of packing material at the 
bottom of the sleeve. Attention is directed to the heavy section needed 
around the bolts at the retention flange when aluminum alloy is used 
instead of steel for the water jacket block. The cylinder shown at C is 



Fig. 166. — Forms of Cylinders Used in Practical Water-Cooled Aircraft Engines. 
A — Cylinder of Liberty Engine, B — Curtiss Wet Sleeve Construction. C — Packard 

Cylinder Construction. 


the final type evolved as a result of much study and practical testing by 
the Packard engineers. Each block is conij^osed of six individual cylinders 
attached to a single aluminum casting that is termed the valve-housing. 
The individual cylinder is com])osed of a drawn-sleel sleeve welded to a 
forged combustion chamber head machined com])lelely, and having a head- 
plate and a sheet-metal water jacket >vclded into ])lace. Each C 3 dinder is 
provided with four valves, short valve-ports being formed integral with the 
cylinder. These valve-ports are accurately hollow-milled on their outer 
surfaces; and the head-])late is lK)red so as to form a ])ressfit over the valve- 
ports, the plate seating on shoulders .so as to ])rovi(h‘ about ^ inch water- 
space above the combustion chamber, ddie cylinder head is ])r()vided with 
five bosses into which arc screwed long studs for supj)orting the valve- 
housing. The spark jdug bosses are formed integral with the combustion 
chamber. The cylinder retention flange is so placed that the cylinders pro- 
ject into the crankcase. This method of construction serves to add depth 
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to the crankcase with a considerable gain in rigidity. Another incidental 
advantage accruing from this construction is that the engine can be run 
successfully in an inverted position, the advantages of which have been 
previously considered. Other advantages of individual-cylinder construc- 
tion are ease of manufacture, ability to install the largest possible valves 
while maintaining adequate water-circulation around all the valve seats 
and, finally, a cylinder-spacing arrangement closer, it is believed, than is 
possible with any other construction. 

The aluminum valve-housing is bolted to the six cylinders to form a 
cylinder block; and this block remains assembled in this fashion through- 
out all the usual asseml)ling and disassemlding operations, although, if 
necessary, an individual cylinder can be replaced at any time with the mini- 



Fig. 167. — Sectional View of Packard Valve Housing Showing Location, and Porting 
of Valves, Four Valves Being Used for Each Cylinder. 

mum of delay. This method of cylinder construction was described by 
L. M. Woolson, M. S. A. E. in a ])a])cr read before the Society and a sec- 
tional view of this valve-housing showing intake, exhaust and water pas- 
sages and also showing how large and free ])assagcs are secured by 
Sianiesing four valves into one p(jrt is clearly shown at Fig. 167. 

The valve-housing is an aluminum casting machined on all surfaces. It 
is used interchangealdy on the right and the left banks and })crforms the 
following functions : 

(1) Distributes the mixture to the six cylinders from the two carburetor 
cross-header manifold connections. 

(2) Fortns the exhaust-])assages, each two adjacent cylinders having 
their two pairs of exhaust i)orts siatnesed into a single exhaust 
outlet. 

(3) Collects the water circulated through each cylinder-jacket and 
delivers it through a single outlet at the front of the engine. 

(4) Supports the camshaft-bearing pedestals and the valve stem guides. 

The diagram in Fig. 167 shows the intake, exhaipst and water passages 
in the valve-housing, the siamesing of four valves into one port being 
largely responsible for the large and free passages that are allowed by this 
construction. The longitudinal section through Packard aircraft engine 
Model 2A 1,500 direct at Fig. 168 shows how the valve-housing is installed 
between the camshaft housing and the cylinder assembly and also shows 
how closely the cylinders may be placed. 
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Water is led into the individual cylinders from a manifold connected to 
short pipes welded to the jacket at the lower end. The water delivery from 
the cylinder is throug-h a series of holes drilled in the top plate and arranged 
radially about the exhaust ports so as to ensure that local steam pockets 
will not be formed above the exhaust valve seats. A single copper-asbestos 
gasket is used between the individual cylinders and the valve-housing, this 
gasket, of course, not being suljjccted to gas pressure as in the conven- 
tional automobile detachable-head gasket, but merely serving as a water- 
seal to prevent leaks l:)etween the inlet and the exhaust i)assages. 



Fig. 169. — Wright Hispano-Suiza Aviation Engine, Model E 2. 


Wright Water-Cooled Engines. — Tm])rovcinciUs made by the Wright 
engineers ha\e ])ro(luccd an aircraft engine that Avill oi)eralc for longer 
jKM'iods at higher iijcan effective pressures than any other tyi)e of internal 
combustion engine. Several ty])es weigliing less than pounds per 
horsepower have run for periods of from 200 to 300 hours with but little 
attention. The Wright E4, with the same crankcase assembly, the cylin- 
ders only being changed, ran for 572 hours Avithout attention of any kind. 
Compared with the original Model A, built 10 years ago, the i)resent engine 
Avith a])proximatelv the same Aveight and same disidacenient develo])s one- 
third more ])OAA^er, operates at 2d ])er cent more s])ecd and has 3,000 per 
cent greater durability. 

During the war, exhaust valves, connecting rod l)ig end bearings and 
spark plugs gave the most trouble. In cylinder construction three difficul- 
ties presented themselves: fa) the valves AA^ari)cd and burned, (b) the valve 
seats did not remain true and (c) in long runs the valves hammered into 
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the seats so that the tappet clearance was lost and the valves were held 
open. The present type of Wright cylinder as shown at Fig. 165 D and the 
use of tulip head silchrome steel valves have greatly reduced valve troubles. 
Refinement of details of the 1,947 cubic inches 60 degree V-type 12-cylinder 
Wright T-3 engine has enabled it to be used satisfactorily at speeds greater 
than 2,200 r.p.m. and to develop 750 horsepower with approximately 140 
pounds mean-effective pressure at 20 per cent less weight per horsepower 
than that of the original engine. 

The Wright E2 engine, shown at Fig. 169 is no longer in production 
but it was a popular type for some years. This engine has practically all 
of the characteristics of the llispano-Suiza as previously described. The 
cylinder construction is shown at Fig. 165 A. The improved and refined 



Fig. 170. — Wright 200 Horsepower Aviation Engine, Model E-4 has Eight Water- 
Cooled Cylinders in Two Blocks of Four. 


Wright E4 shown at iM'gs. 170, 171 and 172 is the type that has l)een op- 
erated for 310 hours with one cylinder assembly, or long enough to have 
driven an airplane 31,000 miles without overhauling. After a new set of 
cylinders had been fitted, the other i)arts Avere run an additional amount 
so that the equivalent of 57,2(X) miles operation was obtained with only 
minor external adjustments. The old Model A engines develojied a maxi- 
mum of 175 horsepower at 1,800 r.p.m. whereas the latest models of the 
same type develops a maximum of 285 horsepower at 2,300 r.p.m. The 
bore of the E4 cylinders is 4,710 inches, the stroke is 5,110 inches and the 
total displacement is 718 cubic inches. This engine is no longer in produc- 
tion, all demands for this horsejiower lieing supplied with radial air-cooled 
engines. 

The Wright Tornado or T3A engine shown at Fig. 173 is the latest 
development of the water-cooled types and uses the type of cylinder shown 
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at Fig. 165 D. It may be obtained in either the direct drive or geared forms. 
The Wright Tornado engine is one of the most powerful aviation engines 
ever put into large series production. It is guaranteed to deliver 650 
horsepower (high compression 6.5:1) for service and considerably higher 
for special work as actual tests have shown that it is capable of delivering 
745 horsepower for several hours at a time. The rating with low compres- 
sion (5.3 :1) is 600 horsepower at 2,000 r.p.m. It has a very light weight per 
horsepower. At 650 horsepower the weight per horsepower is only 1.79 
pounds, and at 745 horsepower it is as low as 1.57 pounds per horsepower. 
This low weight, 1,166 pounds (530 k.g.) has not been accomplished by 
sacrificing durability. Repeated trials in actual hard service show the fuel- 
consumption to be as low as .48 ])ounds per horsepower hour. The fuel- 
consum])tion is exceptionally good through all ranges from full throttle to 
low cruising speeds. On propeller load. .445 pounds per horsepower hour 
is often reached at cruising speeds. 

General Specifications 

Wright Tornatlo, T-3 Aviation Engine 

Bore — 5.75 inches. 

Stroke — 6.25 inches. 

Number of Cylinders — 12. 

Displacement — 1,947 cubic inches. 

Compression Ratios — 5.3:1 (low) and 6.5 :1 (high). • 

Guaranteed Powers — 650 horsepower at 2, OCX) r.p.m. (High compression), 
600 horsepower at 2, OCX) r.p.m. (Low compression). 
Average Powers — 680 horsepower at 2,000 r.p.m. (High compression). 

625 horsepower at 2,000 r.p.m, (Low compression). 

Guaranteed Fuel-Consumption — .52 pounds ])cr horsepower per hour. 
*Guaranteed Oil Consumption — .025 pounds per horsepower per hour. 

Dry Weight of Engine Complete Ready to Run, with carburetors, dual run- 
ning magnetos, punij)s, ]3ro])eller hub, exhaust flanges, etc., etc., but 
without hand turning gear and fuel ])ump — 1,166 pounds. 

Weight of Water in Engine — 59 ])ounds. 

Weight of Hand Turning Gear (with starting magneto) — 25 pounds. Hand 
Crank 3.2 pounds. 

Weight of Fuel Pump — 2.5 pounds. 

Direction of Rotation — Anti-clockwise looking at the propeller hub. 
Standard Equipment — All necessary equipment for the operation of the 
engine is su])])licd, including drive only for two Nelson gun synchro- 
nizers, one tachometer, electric generator in the Vee of the engine, a 
Wright engine driven fuel pump, and Wright hand turning gear with 
starting magneto. 

Special Equipment — OfTset propeller hubs can also be furnished, which pro- 
vide 8 inches between the forward cylinders and the back flange of the 
propeller hub. Projjeller hubs can be su])plicd for 2 or 3 bladed metal 
propellers. Propeller reduction gearing can be supplied. Inertia 
starters can be supplied and attached. Adapter for distant drive fuel 
pump can be supplied. Wright oil temperature control system either 
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manually operated or automatic can be furnished, also Wright fuel 
strainers attached to the engines. This special equipment is at an 
extra price and not included in quotations unless specifically men- 
tioned. 



Fig. 171. — Wright “Tempest” E 4 Water-Cooled Engine Viewed from the Rear Show- 
ing Magneto Mounting and Water Pump Location. 

Packard Aircraft Engines. — T\v() engines of 500 and 800 horsei)ower 
resi^ectively hav'c been recently develojied by the Packard Motor Car Com- 
pany for aircraft service. Wlieii these engines are conijiared Avith jirevioiis 
types they are found to l)e more compact and to produce more ])o\ver per 
])ound'of weight. When each is operated at its rated sjieed, the Model 
1,500 engine shown at I'lg. 174 develo])s 100 horseiiowcr more than the 
Liberty while Avcighing 140 ])ounds less, and the Model 2,500 engine de- 
velops 250 horseiiower more than its predecessor, the Model 2,025, with a 
decrease in weight of 75 pounds. The I'ackard aircraft engines were de- 
scribed by T.. M. Woolson, M. S. A. E. at a meeting of the Society and the 
following description is taken from the S. A. E. Journal. 

Tliese improvements have bee n made possible largely because of a new 
type of cylinder construction, original studies with regard to the loads that 
can be carried Iiy bearings, reduction of the weight of the crankshaft while 
at the same time strengthening it, and the compacting and lightening of 
the timing and accessory-drive layout. Other improvements were made 
in the lubricating system and in the design of the valve-gear and springs. 
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The novel cylinder construction which has been previously described 
enables the cylinders to be spaced closely together and the weight of the 
whole engine to be diminished. Other advantages incorporated into the 
design include water circulation in close contact with the heated surfaces, 
the use of a steel cylinder barrel as a wearing surface that carries the ex- 
plosion loads down to the crankcase, the locating of the hold-down flange 
some distance from the end of the cylinder barrel so that the ends of the 
barrels of the cylinders of the two banks can practically be allowed to touch 



Fig. 172. — Top View of Wright “Tempest” E-4 Water-Cooled Engine Showing 
Carburetor and Induction Manifolding. 

inside the crankcase and the engine can be run in an inverted j)osition. Mr. 
VVoolson stated that the complete weight of the Model 1,500 cylinder is but 
0.5 ])oun(ls and the cylinder (le\'cloi)s nearly 50 horsc]>owcr. The weight of 
the Model 2,500 cylinder is 15.2 pounds and the cylinder develops 70 horse- 
power. The front end \icw of the Model 2A 1,500 inverted etigine is shown 
at Fig. 175 A and a side view at Fig. 175 1 ). 

Still other features comi)rise improved types of valve-housing and valve- 
gear layout; positive cooling of the exhaust valve by oil jmmped through it; 
a special type of multi])lc cluster small diameter ])iano wire valve spring; 
siin])licity in the grou])ing of the accessories; a s]>ecial ty])e of magneto 
having a single magnetic circuit and two independent electrical circuits, 
either one of which will fire all 12 cylinders; the jiossibility of replacing 
magneto ignition with battery ignition by substituting a generator for the 
magneto but without other change to the engine or to the wiring between 
the distributors and the spark i)lugs; the use of very short comparatively 
light ruggttd slipper-typc i)istons; and the ability to use either direct drive 
or gear reductions. In applying these facts to commercial aviation, these 
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comparative performances mean that the new engines can carry double 
the pay-load over the same distance or the same pay-load 2 % times as far 
as could their progenitors. 

The pistons of both the Model 1,500 and the Model 2,500 engines are of 
special interest in that they are of the slipper-type and are very short and 
comparatively light, although of rugged construction. The Model 1,500 
piston is 3 11/32 inches long and weighs 2.94 pounds; the Model 2,500 pis- 
ton is 3 15/16 inches long and weighs 4.47 pounds, bare. The smaller pis- 
ton is 5^ inches in diameter and has only 90 per cent of the weight of the 
Liberty piston although having 15 per cent more area; the larger piston 
is inches in diameter and has 63 per cent of the weight of the Shen- 
andoah engine piston although having only 9 per cent less area than the 
latter. The lengths of these new pistons were established after a series of 
tests in which the length of the skirt was gradually diminished. 



Fig, 173. — The Wright “Tornado” Model T 3 A Engine is a Twelve Cylinder V Type 
and will Deliver 650 Horsepower at 2000 Revolutions Per Minute. 


As a result of investigating the relation of bearing wiaterials to allowable 
speeds and loads, it was ascertained that failures of aircraft bearings rarely 
occur because of lack of lubrication or of wear but are caused by fatigue 
of the babbitt lining ])roduced by minute flexing of the back of the bearing. 
Tests showed that tlic limitations of the bearings could be raised provided 
they could be prevented from flexing under load and ami)le force-feed lubri- 
cation were i)rovided. 1'hc P\' values of the ]»earing loads adopted, as 
compared with those of the faberty engine, are: for the crankpin, 18,520 
pounds per square inch as against 13,200; for the center bearing, 35,000 as 
against 22,650; and for the intermediate bearing, 27,000 as against 14,000. 
The critical speed of vibration of the Packard crankshaft is 64 per cent 
higher than that of the Libert}^; it is also twice as stiff as well as weighing 
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30 per cent less, a feature accomplished by the use of journals having com- 
paratively large outside diameters but bored out through their centers. 

The crankcases of both engines are of particularly rugged design, great 
depth being obtained partly because of the design of the cylinder and partly 
because of the arrangement of the main bearings. Thfi eight main bearings 
as shown at Fig. 176 which shows a longitudinal section of the inverted 
2A 1,500 engine are of steel-backed babbitt construction, the upper half 



Fig. 174.— Packard Model 2A 1500 Aircraft Engines. Direct Drive at Top, Geared 

Drive Shown below it. 

being" doweled to the crankcuse and the loAvcr half to the forged duralumin 
bearing caps that are accurately fitted in longitudinally machined ways in 
the transverse A\ebs of the crankcase. With this construction, in a V-type 
engine, the main bearing bolts are relieved of bending stresses im])Osed by 
the explosion loads. The thrust bearing is of the deep groove radial ball 
bearing type and is located between two plain bearings in the front bearing 
cap. 
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Fig. 175. — Views of Packard 2 A 1500 Aircraft Engine of the Inverted Type Shown 
at A and B. Compare Carburetor Location with that Shown at C, which is Front 
End of the Same Engine Used in the Conventional Manner. 

The lower half of the crankcase is an aluminum stam])in^ that serves 
merely as an oil-pan and su])p()rls the combined ])um]) unit by a generous 
flange, 

"J'he propeller hub is of the taper-fit ty])C on the smaller engine and 
carries a forged-duralumin loose flange which, it should be noted, is not 
keyed or otherwise located on the proi)eller hub, a construction that has 
proved ])erfcctly satisfactoiy in flight test^ as well as in overload propeller- 
Avhirling tests. On the larger engines a splined hub with split centering 
cones is used. 

Although both the 500 and the 800 horseiK)wcr engines were originally 
intended for direct dri\c service, both ha\e been built for use with gears, 
the gear reduction forming a sci)arate unit bolted to a special crankcase 
flange. The gear reductions have been designed and built by the Allison 
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Fig. 176. — Longitudinal Section Through Packard Aircraft Engine Model 2 A 1500 Inverted. 
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Engineering Company of In(lia,napolis. They are of the spur-gear single 
reduction type and are entirely self-contained. A noteworthy feature is 
the employment of a shock-absorhing drive between the crankshaft and 
the pinion that has proved very successful in eliminating the gear trouble 
resulting from impact loading. Fig. 177 A shows the sectional side view 
and Fig. 177 B the side view of the 800 horsepower geared engine. These 
gear reductions give a two-to-one reduction to the propeller-shaft that 



Fig. 177. — Longitudinal Section of Packard Aircraft Engine Model 2 A 2500 Shown at 
A Depicts Important Parts, Especially the Propeller Drive Gearing. The External 
Appearance of the Same Engine is Shown at B. This Engine Develops 800 Horse- 
power. 

has been found to be ])articularly desirable for load-carrying airplanes 
of moderate speed. In addition to providing im])rovcd ])ropeller effi- 
ciency, these geared engines lend themselves particularly well to a stream- 
line installation; and, in this manner, imi)roved pro])eller efficiency and 
decreased resistance combine to offer important advantages in airplane 
performance. 

The 500 horsepower engine has also been built in the inverted type and, 
as mentioned previously, an inverted engine has many advantages for air- 
craft use. It is entirely possible that the future will see the inverted en- 
gine as one of the standard tyjies. A side view of the inverted Model 1,500 
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Fig. 178. — Diagram Showing Oil Circulation through Exhaust Valves on Packard 
Aircraft Engines, Models 2A 1500 and 2A 2500 to Keep Valves Cool. 

en^j^inc is shown in Fig*. 175 11, and a front view in Fi^. 175 A. A longi- 
tudinal sectional view is shown at Fig. 176. 

Packard Oil-Cooled Valves. — Otic of the important features in the de- 
sign of large aircraft engines is the manner of valve cooling, especially the 
exhaust valves. In the Packard engines this is acc()ni])lished by circulating 
oil through the valve stem as shown at Fig. 178. Aleans for cooling the 
exhaust valves by the circulation of oil arc ])rovided l)y suitaldy drilled 
passages in the camshaft bearings adjacent to the exhaust cams, this fea- 
ture of the construction being shown diagrammatically in Fig. 9. The 
camshaft is hollow and is supplied with oil under pressure through a con- 
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tinuous metering groove in the rear bearing. In the camshaft journal next 
to each exhaust cam is drilled a hole opposite to the nose of the correspond- 
ing exhaust cam. This hole registers with a vertical passage in the cam- 
shaft bearing pedestal when the cam is at its highest point and the exhaust 
valves consecpicntly are closed. The oil flows through this passage to the 
bottom of the cam-follower guide, which forms a closed end cylinder, and 
the space underneath the cam-follower is thus filled with oil. The camshaft 
in revolving cuts off communication with this passage and, when the cam- 
follower is depressed by the cam, the oil can escape only by being forced 
through the hollow cam-followcr stem and the horizontally drilled passages 



Fig. 179. — View at A Shows Packard Valve Gear with Overhead Camshaft and Multi- 
ple Cluster Springs. B Shows Carburetor Joined to Common Air Intake Castings with 
Vertical Intake Stack. Each Carburetor Carries an Induction Pipe by which it is 

Coupled to Valve Housings. 

leading out through the drilled la])petS into the exhaust valve stems. The 
latter are drilled throughout their entire length, the lower end of the hole 
in the valve-head being closed by a screwed-in plug. A small steel tube is 
Avelded to this plug and is centered in a counterhore at the u])per end of 
the valve stem. "I"he ()il is forced down Ihrough the tube and out at the 
bottom through horizontal holes, thus cooling the head of the valve. The 
oil is discharged through the annular s])ace between the tube and inner wall 
of the valve stem and out of the valve-housing through horizontal holes 
drilled through the upper end of the valve stem just below the counterbore. 
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As a result of this oil-cooling the exhaust valves operate at very low tem- 
peratures and the valve seat is maintained in good condition for long 
periods. 

Packard Multiple Cluster Valve Springs. — The valve springs are worthy 
of special note. These arc of the multiple cluster type and consist of a 
group of small diameter piano wire springs arranged in a planetary fashion 
around the valve stem. In the Model 1,500 engine, 7 of these springs and, 
in the Model 2,500 engine, 10 springs are used with each valve. The indi- 
vidual springs are located over tubular guides that are welded to a lower 
fixed washer; the up])er ends of the springs engage in an annular groove 
formed in the movable spring washer. One of the banks of cylinders of the 
Model 2A 2,500 engine is shown at Fig. 179 A with the valve-housing cover 
removed to show the multiple springs. 

Several advantages accrue from this construction, which may justifiably 
be termed indestructible. The most important point, perhaps, is the least 
obvious, namely, that which relates to the natural period of vibration of 
the small springs. Other advantages result from the increased factor of 
safety in numbers, since any valve will continue to function even though 
several of the springs may be broken. Furthermore, the recii)rocating 
weight, represented by the upper washer and one-half the weight of the 
springs, is reduced, as compared with the conventional construction, and, 
finally, the physical i)ro])erties of the small gauge i)iano wire are generally 
superior to those of springs heat-treated after forming. 

Valve spring failures have always been i>revalent to a certain extent in 
aircraft engines; and these failures at times lead to disastrous results with 
overhead-valve engines for the valve may droj) into the combustion cham- 
ber and, consequently, wreck the piston and the combustion chamber head. 
I"or some time, these failures were regarded as not being ])reventable, the 
cause being attributed to fatigue and to minute imperfections in the mate- 
rial. It is clearly i)roved that the basic seat of the trou))le lies in a resonance 
effect between the natural vibrations of the spring and the forced oscilla- 
tions of the engine. These latter oscillations are brought about by the 
firing impulses. 

The Packard engineers had noted that, in very high-speed six-cylinder 
engines, valve spring l)reakages were frequently encountered at speeds in 
excess of 4,000 r.}).m. ; in 12-cylinder engines the limiting s])eed appeared 
to be above 2,000 r.p.m.; and in some 18-cylinder engines frequent valve 
sjjring failures occurred at very moderate s])eetls, certainly not exceeding 
1,600 r.p.m. Naturally, the valve springs in each case were of somewhat 
diflferent design from the others Imt the variations were not of sufficient 
magnitude to refute the statement that the critical engine speed at which 
valve spring failures assumed alarming ]^ro])ortions was inversely propor- 
tional to the number of cylinders or of the firing impulses. 

The fact that the small springs have been immune from failure, after a 
great many prolonged tests with high-s])eed engines, goes a long way to- 
ward substantiating the claim that valve si)ring‘ breakage in the past has 
been brought about by synchronized vibrations. 

As will be seen from the illustrations, the engines are somewhat the 
same in general appearance and design. The Model 2A 1,500 is made in 




Fig. 180. — Lubricating Chart of Packard Aircraft Engines Models. 2 A 1500 and 2 A 2500 Shows Latest Practice in Aviation 

Engine Oiling Systems. 
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direct, geared and inverted forms. The Model 2A 2,500 is made in the 
direct drive and geared forms. The rating of the smaller engine is 525 b.hp. 
at 2,100 r.p.m. and 600 b.hp. at 2,500 r.p.m. The larger engine develops 
800 b.hp. at 2,000 r.p.m. Both engines are of the twelve-cylinder V-type 
with cylinders 60 degrees apart. The bore of the 2A 1,500 engine is 
inches, the stroke Sy 2 inches and the total piston displacement is 1,530*4 
cubic inches. Three compression volume ratios may be obtained, depend- 
ing upon the use the engine is to receive. These are 5.1 to 1, 5.5 to 1 and 
6 to 1. The direct drive 2A 1,500 weighs 780 pounds with propeller hub 



Fig. 181.— Curtiss D 12 Water-Cooled Engine is a Light, Compact and Powerful 
Twelve Cylinder Form. This is a Three-Quarter Front View. 

assembly, the geared form weighs 880 pounds. Carburetion is by two spe- 
cial Stromberg Duplex carburetors mounted on a common air intake fitting 
as shown at Ing. 179 Ik 

The 2A 2,500 engine has cylinders t)f 64^8 incli bore and 6y> inch stroke 
which gives it a total piston dis]>kicement of 2,539.55 cul)ic inches. Two 
compression ratios are provided 5.1 to 1 or 5.7 to 1. Ihe direct drive en- 
gine weighs about 1,200 pounds with magneto ignition and propeller hub. 
The geared form weighs 1,380 ]K)unds. The engines may be obtained with 
Scintilla magneto ignition or with Delco battery and generator ignition. 

Packard Lubricating System. — The lul)ricating system of the Packard 
aircraft engines has l^een very carefully worked out and is practically the 
same in both engine models. The diagram at Fig. 180 shows the flow of 
oil very clearly. The oil is drawn from the oil tank ^vhich should be about 
one-tenth the capacity of the fuel tank through a suction strainer by a 
gear form of pressure pump. Part of the oil goes to the main bearings and 
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a part goes to the overhead camshafts and through the exhaust valve stems. 
Part of the overflow from the camshaft returns to the sump through the 
timing gear shaft housings and part returns to the thrust bearing and main 
bearing assembly at the propeller end of the engine. The oil thrown off 
centrifugally by the revolving crankshaft oils the cylinders and pistons. 
All oil accumulating in the sump is drawn out of the engine base by 
scavenger pum])s and forced through an oil-cooler and back to the foaming 
space in the lubricating oil tank. 

Curtiss Aviation Engines of Recent Design. — The Curtiss aircraft en- 
gines have been widely used and favorably known for many years and many 
record endurance, altitude and speed flights have been made with these 
motors. The jxjpular and i^enerally used OX-5 scries of wartime were 
succeeded by the K6 and K12 engines, the former having six cylinders and 



Fig. 182. — Direct Front View of Curtiss D 12 Water-Cooled Engine. 
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the crankcase cast in one block, the latter consisting of two K6 blocks 
mounted on one base in V form. Trouble was experienced in manufacture 
owing to the warping of the large castings so these engines were later re- 
designed to have the cylinder block and crankcase castings separate. Crank- 
shafts were changed from four bearing to seven bearing and counterweights 
were eliminated. The remodelled K6 now known as the C6 is still built 
for commercial aviation service and delivers 160 horsepower and weighs 
420 pounds. 

Several hundred of these engines are now in service and are far more 
reliable than the Model OX-5, which has a good reputation in this respect. 
This six-cylinder engine weighs slightly less than the eight-cylinder OX-5 
and delivers 50 more horsepower. It is not geared. 



Fig. 183. — Side View of Curtiss V 1400 Aviation Engine which Delivers 510 Horse- 
power at 2100 Revolutions Per Minute and with a Dry Weight of 1.3 Pounds Per 

Horsepower. 


The Curtiss D-12 engine which is shown at Figs. 181 and 182 was de- 
signed and 1)uilt in 1921 and passed its official 50 hour test in the beginning 
of 1922. This engine was the result of all the exi)erience gained from the 
l)revious models and weighed 690 ])ounds, which was 30 pounds less than 
the Model CD-12 engine. The bore and stroke were the same as in the 
latter, 4^ x 6 inch. The spark plugs Averc relocated, one between the ex- 
haust valve and the other between the intake valves, directly op])osite each 
other. The carburction was also greatly improved over that of the pre- 
ceding models. All the detailed parts and accessories that had previously 
given trouble were altered and improved. More than 350 of these engines 
have been built and have devcloj^ed an average of 410 horsepower at 2,000 
r.p.m. and 440 horsepower at 2,250 r.p.m., low comi)ression. 

The Air Service has pushed the dcvelo])ment of this engine steadily by 
running 50 hour tests at various speeds at McCook Field. The engine has 
passed 50 hour tests at 2,250 and 2,450 r.p.m., and developed 455 horse- 
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power with low compression pistons in the test at the higher speed. Low 
compression is regarded as that compression ratio which will allow the 
engine to operate without detonation on domestic aviation gasoline con- 
taining no “doi)e/’ Tin's higli-s])eed 50 hour test was run without any 
forced stops or trouble of any kind. The engine is now rated at 435 horse- 
power at 2,300 r.p.ni. Operation for more than 200 hours between over- 
hauls is being obtained in service with this engine. 

During the latter part of 1924 the Curtiss V-1400 engine, shown in Fig. 
183 was designed and built. This model, which has a bore of 4% inches and 
a stroke of inches develops from 505 to 520 horsepower at 2,100 r.p.m., 
low compression, and more than 600 horsepower at the higher speed and 
with high compression ])istons. It is lighter than the production D-12 
engine, as it weighs only 685 pounds, dry, and fits in the same engine 
bearers. It is slightly narrower than the D-12 owing to the double cam- 
shafts being driven through three spur-gears instead of two, the bevel drive 
being attached to the third si)ur-gear, which is mounted below the two 
spur-gears on the ends of the camshafts. The sleeve construction is the 
same as in the D-12 except that the heads of the sleeves arc open and are 
screwed into the aluminum heads against shoulders on the sleeves. The 
valves are seated on aluminum-bronze inserts in the aluminum head. The 
cooling water comes in contact with the steel sleeves, as in the D-12 en- 
gine, and the lower end of the sleeve is scaled with a coVnposition gasket, 
as before. This cylinder construction is clearly shown at B, Fig. 166 in the 
discussiQn on water-cooled engine cylinder construction. Provision is 
made to use either battery or double-magneto ignition. The magneto is a 
Splitdorf double machine that operates with both armatures on one shaft 
and with two contact breakers, two coils and two condensers, all in the 
same machine. The distributors are mounted on the ends of the camshafts 
and are used with either the battery or the magneto ignition. 

This V-1,400 engine, which weighs from 1.10 to 1.33 pounds per horse- 
power, depending on the ])()wcr output, is more than 50 pounds lighter than 
its nearest competitor, cither in this Country or abroad. The simplicity 
and sturdiness of the crankcase Avill be noted in the illustration, louring 
its official fifty hour test, which Avas completed in 7 working days, the en- 
gine imi)roved in power throughout the test. The short duration of the 
test alone indicates the remarkable reliability of the engine. The new type 
of cylinder construction improved the A^alve cooling, as is indicated by the 
fact that only 3 out of the 24 exhaust valves showed any leakage after the 
test. The average fucl-consum])tion during the test Avas 0.49 pounds per 
b.hp. hour. The average oil consumption was 0.018 pound per b.hp. hour, 
and the oil tcnij^eraturc difference bclwecn inlet and outlet was only from 
12 to 14 degrees fahrenheit. 

The small difference in oil temperature is most interesting, since a low 
oil temperature difference is highly desirable. With the production of 
very high horsepoAver in small units it is necessary to use an oil tempera- 
ture regulatings device in an airplane owing to the small crankcase area 
that is available for radiation. If the temperature difference is large, con- 
siderable heat must be dissipated, which presents a difficult problem. Air- 
cooling of oil has not been found satisfactory, since the oil in the cooler 



WATER-COOLED ENGINES 381 

congeals rapidly on the surfaces of the cooler and effectively insulates the 
remaining body of oil. In 1919 the Curtiss Company successfully adapted 
to its racing airplanes a method of oil-cooling by the use of the cooling- 
system water. A small-core radiator was inserted in the intake side of the 
water system. The oil was allowed to circulate through this core in the 
space usually provided for water in the conventional radiator, and the water 
was circulated inside of the cartridge tubes in the space ordinarily used for 
airflow. It was found that by this arrangement the oil temperature could 
be kept very close to the temperature of the water flowing into the engine, 
a very desirable arrangement. 


CHARACTERISTICS V-1400 


Length, overall 

Width, overall 

Height, overall 

Cylinders 

Bore 

Stroke 

Compression ratio 
Horsei>ower 
Weight 
Wt/H.P. 


58-1/4" 

26" 

25-3/4" 

12 

4-7/8" 

6-1/4" 

5.5 : 1 

510 BHP at 2100 RPM 
660 pounds 
1.3 Ibs./H.P. 


Beardmore Six-Cylinder Engine. — While it is not possible in a book of 
this character to describe all known aviation engines, a recent British type 
is noteworthy in that it is an extremely large cylinder high-poweted type. 
It is said to be one of the largest aircraft power plants yet constructed and 
is a six-cyclinder form as illustrated at I"ig. 187. The cylinders are 85^ inch 
bore and 12 inch stroke Avith a compression ratio of 5.25 to 1, The dry 
engine weight is given at 2,150 i/ounds. The overall length of the unit is 
80.3 inches with a maximum width of 35 inches, Avhilc the overall height is 
60.37 inches, with a total height above the center-line of the crankshaft of 
45.25 inches, and a maximum depth to the lovv^est point below the cranks 
shaft center of 15.12 inches. The engine is water-cooled and a circulating 
])ump is fitted. The ignition system is in duplicate, and two magnetos arc 
employed. As illustrated, the engine is designed for a left-hand tractor- 
lype propeller running at a normal .sjieed of from 1,220 to 1,350 r.p.m. ac- 
cording to the power it is desired to develop. 

In getting out the new design the object in view was to develop as high 
a power as possible in a few cylinders. It was also sought to reduce the 
number of engine parts while retaining the maximum accessibility. An 
outstanding feature of the engine is its compact and clean outline, which 
enables it to be installed in a very narrow fuselage, thereby reducing con- 
siderably the amount of head resistance which would be offered by an 
engine either of the radial or the V-ty])e, The crankcase, which is made in 
aluminum, forms the main engine body. It incloses the crankshaft and its 
bearings, which are carried on transverse girders, while the camshaft is 
accommodated in the to]) part of the casing. At the level of the crankshaft, 
the body is swelled out to give great lateral strength to the crankcase about 
the crankshaft, and permit of direct connection to the engine bearers, while 
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Fig. 184. — Sectional Views of Beardmore Six Cylinder Aircraft Engine, a Six Cylinder Form Rated at 950 Horsepower. 
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underneath there is a removal)le oil sump. Access to the working parts is 
given by inspection doors, which are fitted to each cylinder, one on either 
side of the crankcase. Cylinder liners of thin steel are inserted into the 
upper part of the casing, and are supported both at the top face and by a 
lower ring, which incloses the cooling water space. 

It will be seen that the cylinder head and valve gear form a separate 
unit, which is readily detachable. For each cylinder there are two exhaust 
and two induction valves which are operated through rocker levers by short 
push rods. As shown in the left-hand cylinder section, twin spark plugs 
are fitted in the crown of the cylinder head and are well cooled. The same 
illustration shows the end gearcase inclosing the gear drive from the crank- 
shaft. The camshaft, it will be .seen, is driven by a scries of intermediate 
gears, which in turn are usually employed to drive various accessories 
mounted on the end case. This casing, with its attachments, is so designed 
that it can be removed from the engine in a few minutes while each acces- 
sory can, when required, be quickly detached. The various auxiliary fit- 
tings referred to, include, besides the two magnetos, the lubricating oil 
pressure and suction pumps, the circulating water and fuel pumps, as well 
as a gas distributor, and gun gear, when the engine is designed for use in 
a military machine. At the bottom of the gearcase there are duplex lubri- 
cating oil filters on both the pressure and suction sides of the oil system. 
The filters are provided with change-over valves, so that either can be 
cleaned while the engine is running. 

Brief reference may be made to the lubricating system. Oil istlelivered 
under pressure to the main l.)earings, and passes by means of drilled 
passages to the big ends, after which it is taken up to the piston pins 
through tubular connections, which are strapped to the we])s of the steel 
connecting rods. A hollow piston ])in, with closed ends, is used. The 
]uston is made of forged and machined aluminum, and is fitted with three 
piston rings and one scraper ring. All of the wheels have ground teeth, 
and ample lubrication is provided by the oil, which returns from the pres- 
sure-fed camshaft bearings. 

The engine described was fitted with a 97 mm. Zenith twin carburetor, 
which Avorks together with an induction system, that has been evolved as 
the result of considerable ex])eriniental work. The lest results given below 
ai)ply to the engine fitted with this carburetor, but a superior performance 
which a])proximates more closely to the standard type of engine is given 
when a 120 mm. carburetor is fitted. 


TEST RESULTS 


Speed, load and power Fucd-<^onsunipti()n 





Avcraj?e 

Pounds 

R.P.M. 

Pounds 

P».H.]\ 

fuel Used 

per h.ll.P. 


loads 


per hr., ^:il. 

hour. 

1220 

710 

722 

44.22 

0.465 

1220 


808 

51 

0.48 

1350 

843 

949 

63.75 

0.512 
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Fig. 184A, — Side View of Eighteen Cylinder Water-Cooled S unbeam- Coatalen Aircraft Engine Rated at 475 Horsepower. 
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Many Materials Used in Aviation Engines. — Mr. Arthur Niitt, 
M. S. A, E. of the Curtiss Aeroplane and Motor Company, Inc. engineering 
department commented on materials used and how the intelligent applica- 
tion of light and strong materials has greatly increased airplane engine 
performance and reduced the weight in a paper read before the Buffalo 
Section of the S. A. E. ?Ie said in part: 

It will be seen from the foregoing models and the discussion of their 
construction that the problem in designing aircraft engines is to obtain the 
best relation of (a) weight, (b) frontal area, (r) cost, (d) bulk, (c) high 
performance, and (/) relialiility. If the weight and bulk requirements were 
unnecessary the problem would be much simpler. The aeronautic engineer 
is not held down on cost to anywhere near the same extent as the automo- 
])ile engineer when designing automobile engines; however, that he also 
has competitors in his own field must lie borne in mind and, while the air- 
craft engine is strictly limited in weight, it must operate at very high duty 
and with extreme reliability. 

All of these problems are involved with the proper arrangement of parts, 
which can be secured only as a re^sult of experience, and with the proper 
selection of materials. More than 40 different kinds of material are used 
in the modern aircraft engine. The most interesting materials are the light 
and unusual alloys. Magnesium probably is one of the more interesting 
of these to engineers who are not connected with the aircraft industry. 
This alloy is 40 per cent lighter than aluminum, has an average tensile 
strength of 20,000 pounds per square inch and an elongation of 4 per cent, 
Tt is comparable in strength and elongation with the best non-he^-treated 
commercial aluminum crankcase alloys. The lighter alloys of magnesium, 
alloyed with about 5 per cent of aluminum, are much less subject to corro- 
sion than the original alloys that were produced. This alloy has been cast 
in almost every form that is used in an aircraft engine; however, the pres- 
ent cost of production prohibits its use in quantity. It is hoped that in the 
future sufficient quantities will be available so that the material can be used 
with success in our later models and in production engines. With this 
material available economically and with higher engine speed, remarkable 
performances may be expected. 

Aluminum-bronze is another material that has come into extensive use 
in aircraft engines. This makes a very remarkable valve insert metal, as its 
coefficient of expansion is about the same as that of aluminum. The valve 
seat, after a few hours of engine running, presents a mottled ^appearance 
almost as if the metal were pitting. We find, however, that this is not the 
case and to recut the seats because of this appearance is not wise. The 
valves will continue to function for hundreds of hours without trouble with 
this construction if the proper cooling is provided around the valve insert. 
The material can be heat-treated to give alxuit 200 Brinell hardness for this 
work. In alloys with iron and steel, the Brinell hardness can be raised to 
more than 300 by heat-treating. 

Duralumin is an alloy with which nearly everybody in the automotive 
industry today is familiar. It is used extensively in modern engines, in 
both the cast and forged forms. It is particularly advantageous in the 
forged form owing to the small amount of work that is neces.sary on the 
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forgings after they are received. The finish of the forgings is perfectly 
satisfactory and it is necessary only to remove the flash before putting the 
forgings into the machine shop. We have found that the cast high-tensile 
aluminum alloy is unusually satisfactory for cylinder heads. The average 
tensile strength is more than 30,000 ])()unds per square inch and elongation 
about 6 per cent. It is extremely non-porous and very uniform in texture, 
and it machines very satisfactorily. The cylinder heads and water jackets 
of our water-cooled engines and in the crankcases of the air-cooled engines 
are the places where this alloy is used. It is approximately 10 per cent 
lighter and nearly 100 per cent stronger than the usual crankcase aluminum 
alloys. 

Y-alloy is an alloy of aluminum Avith copper, nickel and magnesium. It 
is used for pistons in all our engines and in the cylinder heads of our air- 
cooled engines. This material is a light aluminum alloy owing to its low 



Fig. 184B. — Sunbeam Eighteen Cylinder Aircraft Motor Viewed from the Pump and 

Magneto End. 

copper content, and is a wonderful bearing material. It seems to be as 
strong as the high-tensile aluminum alloys similar to duralumin, in the 
heat-treated condition, but has a marked advantage over them in the prop- 
erty of great strength at high temperature. Y-alloy apparently has not 
been used to a great extent in the automotive field except in pistons, be- 
cause of its high cost due to the heat-treating operation. High-silicon 
aluminum alloys are used for sections varying from 3/32 to inch in thickness. 
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Sunbeam Aviation Engines. — These very successful engines have been 
developed by Louis Coatalen. At the opening of the war the largest sized 
Coatalen motor was 225 horsepower and was of the L-head type having a 
single camshaft for operating valves and was an evolution from the twelve- 
cylinder racing car which the Sunbeam Company had previously built. 
Since 1914 the Sunbeam Company have produced engines of six, eight, 
twleve and eighteen cylinders from 150 to 500 horsepower with both iron 
and aluminum cylinders. For some time past all the motors have had over- 
head camshafts with a separate shaft for operating the intake and exhaust 
valves. Camshafts arc connected through to the crankshaft by means of a 
train of spur gears, all of which are mounted on two double row ball bear- 
ings. In the twin six, 350 horsepower engine, operating at 2,100 r.p.m., 
requires about 4 h()rscj)()wcr to operate the camshafts. This motor gives 
362 horsepower at 2,100 revolutions and has a fuel-consumption of 51/100 
of a pint per brake horsepower hour. The cylinders are 110 by 160 milli- 
meters. The vSame design has been expanded into an eighteen-cylinder 
which gives 525 horsepower at 2,100 turns. There has also been developed 



Fig. 184C.— Propeller End of the Sunbeam Eighteen Cylinder 475 Horsepower 

W Type Aircraft Engine. 

a very successful eight-cylinder motor rated at 220 horsepower which has 
a bore and stroke of 120 by 130 millimeters, weight 450 pounds. This mo- 
tor is an aluminum block construction with steel sleeves inserted. Three 
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valves are operated, one for the inlet and two for the exhatist. One cam- 
shaft operates the three valves. 

The modern Sunbeam engines operate with a mean-effective pressure 
of 135 pounds with a compression ratio of 6 to 1 sea level. The connecting 
rods are of the articulated type as in the Renault motor and are very short. 
The weight of these motors turns out at 2.6 pounds per brake horsepower, 
and they are able to go through a 100 hour test without any trouble of any 
kind. The lubricating system comprises a dry base and oil pump for draw- 
ing the oil off from the base, whence it is delivered to the filter and cooling 
system. It then is pumped by a separate high pressure gear pump through 
the entire motor. In these larger European motors, castor oil is used 
largely for lubrication. It is said that without the use of castor oil it is 
impossible to hold full power for five hours. Coatalen favors aluminum 
cylinders rather than cast iron. The broad arrow type wherein three rows, 
each of six cylinders, are set on a common crankcase is shown at Figs. 184, 
A, B, and C. In this water-cooled series the gasoline and oil consumption 
are notably low, as is the weight per horsepower. 

In the eighteen-cylinder overhead valve Siin1)cam-Coatalen aircraft en- 
gine of 475 brake horsepower, there arc no fewer than half a dozen magne- 
tos. Each magneto is inclosed. Two si)arks are furnished to each cylinder 
from independent magnetos. On this engine there are also no fewer than 
six carburetors. Shortness of crankshaft, and therefore ^of engine length, 
and absence of vibration are achieved by the linking of the connecting rods. 
Those concerned with three cylinders in the broarl arrow formation work 
on one crankpin, the outer rods being linked to the central master one. In 
consequence of this arrangement, the piston travel in the case of the cen- 
tral row of cylinders is 160 mm., while the stroke of the pistons of the 
cylinders set on either side is in each case 168 mm. Inasmuch as each set 
of six cylinders is completely balanced in itself, this difference in stroke 
does not affect the balance of the engine as a whole. The duplicate ignition 
scheme also applies to tlie twelve-cylinder 350 brake horsepower Sunbeam- 
Coatalen overhead valve aircraft engine type. It is distinguishable, inci- 
dentally, by the passage formed through the center of each induction pipe 
for the sparking plug in the center cylinder of each block of three. In this, 
as in the eighteen-cylinder and the six-cylinder types, there are two cam- 
shafts for each set of cylinders. These camshafts are lubricated by low 
pressure and are operated through a train of inclosed spur wheels at the 
magneto end of the machine. The six-cylinder, 170 brake horsepower 
vertical type employs the same general principles, including the detail that 
each carburetor serves gas to a group of three cylinders only. It will be 
observed that this engine presents notably little head resistance, being 
suitable for multi-engined aircraft. 

Farman Aviation Motor, 600-Hp. 18-Cylinder W-Type. — In this motor 
the cylinders are 130 mm. (6.1 inch) bore by 180 mm. (7.1 inch) stroke, 
located in three rows 40 degrees apart. This angle of 40 degrees was de- 
termined with a view to having a steady torque, the motor giving 18 im- 
pulses in each two revolutions or 720 degrees, which gives one power stroke 
for each 40 degrees. 

The crankshaft has six throws. The use of a W-type motor was con- 
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sidered to be of advantage as it reduces the size of the crankcase. The 
increase in the number of cylinders leading to a reduction of the unit cylin- 
der volume permits of a higher compression without fear of self-ignition 
owing to heating of the center of the piston. The weight of the motor with 
its full equipment of ignition carburation pumps, etc,, is only about 780 kg. 
(1,716 pounds) for an effective horsepower of about 800 at 2,200 r.p.m. 
(The nominal rating of the motor is 600 horsepower at 1,750 r.p.m.) 

The motor drives the propeller through a reducing gear weighing 45 kg. 
(99 pounds). In addition to this there is a 1,200-watt generator with a 
wireless-telegraph alternator weighing 34 kg. (86 pounds), and the total 
weight of the motor with all accessories including pro])eller hub is 920 kg. 
(2,025 pounds). The cylinders are grouped in pairs and the compression 
ratio is six to one. 

The cylinders are made from forgings and welded together in pairs. 
Each pair has a common water jacket made of sheet steel and welded over 
the group. There are four valves per cylinder, these valves being made of 
high-nickel steel. Each valve has tw^o concentric springs wound in op- 
posite directions and each cylinder carries three S])ark plug bosses, two 
side by side and the third 180 degrees therefrom ; this third boss is intended 
for the insertion of starting devices, be they explosive cartridges or com- 
pressed air plugs. In connection with lubrication it is of interest to note 
that the oil filtefs are so arranged that they can be inspected while the 
engine is running. A safety valve is provided on the oil circulation pump to 
open when the oil pressure becomes excessive. The purpose of this is to 
prevent the breaking of the oil radiator at starting in cold weather when 
the oil is vei'y viscous. Four Zenith carburetors are provided, two with 
single outlets and two double ones, each outlet feeding three cylinders. 
The carburetors are fed by two A M fuel pumps connected in parallel, 
each pump, being, however, of sufficient capacity to supply fuel to all the 
four carburetors. There is a device for stating these pumps in operation 
automatically as soon as the electrical starter begins running, in addition to 
Avhich the pumps may be also started by hand. As it Avould be impractica- 
ble to start a motor of this size by hand, an electric starter has been 
])r()vided. 


QUESTIONS FOR REVIEW 

1. Describe main features of Liberty engine. 

2. Outline the difference betw^cen the wet and dry sleeve niclhods of building 
water-cooled cylinders. 

3. How are exhaust valves cooled in Packard water-cooled engines? 

4. Describe multiple cluster valve springs and give advantages. 

5. What is a “dry sump" lubrication system? 

6. What is the difference between Curtiss and Packard cylinder construction? 

7. What materials are used in water-cooled aircraft engine construction? 

8. Why is geared propeller drive used on some engines? 

9. Where is the camshaft located and how is it driven on most aircraft engines? 
How are the valves actuated? 

10. What is the dry weight and horsepower of the Liberty engine? What is the 
fuel-consumption? 



CHAPTER X 

AVIATION ENGINE AUXILIARIES 


Wright Oil Temperature Control System— Aircraft Engine Starting Methods— Aero- 
marine Inertia Starter — The Wright Starter — Eclipse Aviation Engine Starters — 
Hand and Electric Inertia Starters, Series 7— Eclipse Electric Starter— The Bristol 
Gas Starter — Air Starting System — Fuel Tanks and Supply Systems— Fuel Dis- 
placed by Air Pressure — Duralumin Fuel Tanks — Aircraft Carburetors — Airplane 
Engine Superchargers— Turbo Superchargers— Root’s Blower. 

Wright Oil Temperature Control System. — Failures of the lubricating 
system have caused the loss of hundreds of valuable aviation engines, severe 
damage to the airplanes in which they were installed and have often placed 
the airplane personnel in great danger. These failures have frcc|uently re- 
sulted from a lack of pro])er control of the oil temperature, so that the oil 
either became too cold to flow into the engine fast enough to give suffi- 
cient oil pressure, or else became so hot as to lose its effectiveness as a 
lubricant. Trouble due to cold oil has generally occurred in starting the 
engine in cold weather, and the usual means of overcoming it has been to 
drain the oil from the tank, heat it over a stove, and jxuir it back, an opera- 
tion whifh is always inconvenient, and often impracticable. To keep the 
oil from becoming too hot, air-cooled oil radiators or water pipes in the oil 
tank have been used, but these have not been entirely satisfactory. After 
a long series of experiments, both in the dynamometer room and on air- 
planes in the field, our engineering department has developed an oil tem- 
perature regulator, which heats the oil rapidly in starting and then holds 
its temperature at the proj)er i)oint for good lubrication. Tests have dem- 
onstrated the effectivenes of this system both in hot and cold weather. 

Alhough designed ])rimarily for the control of oil temperature, this 
system has proved successful in the control of water tcm])erature. In 
actual service it has replaced radiator shutter control with a resultant im- 
provement in air])lane ])crformance, due to the elimination of the head re- 
sistance of the radiator shutters. An instance of this im])roved perform- 
ance was reported during the trials of the Navy SC-1 "J'orpedo Scouting 
planes. These planes arc fitted with particularly large radiators and it was 
found that with the shutters closed for cold Aveather operation, the closed 
shutters gave considerable drag. This was overcome by leaving the shut- 
ters open, using an anti-freezing mixture and controlling the water tempera- 
ture by the manually operated by-pass which is a part of the Wright Oil 
Temperature Control System. With the shutters wide open, the pilot was 
able to control the temperature of the oil and water at will and the ceiling 
of the airplane was greatly im])roved. Acting on the evidence of these 
trials the radiator shutters on these planes were removed ; since the o])cra- 
tion of the by-pass valve is just as simj)lc as the operation of the radiator 
shutters and has the advantage of giving better performance. A summary 
of the advantages follows : 
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(1) Sufficient oil pressure in starting to enable the engine to be idled 
safely, even in cold weather with cold oil. 

(2) Full oil pressure in five to eight minutes, starting with cold oil. 

(3) Reduction in time required to warm engine. 

(4) Maintenance of oil temperature at proper point both in hot and cold 
weather. 

(5) Elimination of necessity of draining oil tank overnight in cold 
weather. 

(6) Ease of installation. 

(7) Flexibility in design, allowing its use in airplanes already built. 

(8) Simplicity in operation. 

(9) Economy in oil. 

(10) Protection of engine, air]>lane and {)ersonnel from a frequent and 
dangerous source of trouble. 

(11) Correct engineering principles for maximum heat transfer per 
square foot of cooling surface. 

(12) Eliminates necessity for i)rc-heating oil. 

(13) Facilitates heating water in cold weather. 



Fig. 185. — Typical Installation of Wright Oil Temperature Control System, Showing 
Heat Transfer Unit A and Automatic Valve B. 


The Wright Oil Temperature Control System consists of a heat trans- 
fer unit or oil cooler shown at Fig. 185 A (marked “A” in the illustration 
iMg. 185), a three-way value (marked ‘TV ), oi)erated either by hand or by 
a thermostat, and the necessary water and oil j)i])ing. The heat transfer 
unit consists of a nest of thin copi)er tubes, with a shell and headers so 
arranged that the oil flows through the tubes, and the engine cooling water 
flows through the si)ace between them. Tu this way the more viscous liquid 
has the path of lower resistance, and obstruction of oilflow is avoided. The 
headers are of cast aluminum alloy and are readily removable, and the whole 
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unit is designed with ample strength to prevent distortion or leaks under 
service pressures. All the oil and water pass through the heat transfer 
unit at all times. The three-way valve controls a by-pass around the main 
water radiator, so that no water passes through the radiator until the 
water temperature has risen to its normal operating value. In this way the 
water temperature rises rapidly in starting, and the oil is quickly warmed. 
When normal operating conditions have been reached, the water keeps 
the oil cool. We recommend a water jacket on the oil line from the tank 



Fig. 186. — Parts of Wright Oil Temperature Control System. A — Heat Transfer Unit 
or Oil Cooler. B — Three Way Valve. C — Heat Transfer Unit with End Plate 

Removed. 


to the engine, so that flow in this line may not be ol)striicted by cold oil. 
The use of a baffle in the tank to direct the incoming oil toward the out- 
let is also desirable, as it enables warm oil to reach the engine before the 
whole volume of oil in the tank is warm. 

The heat transfer unit is usually installed on the discharge side of 
the scavenging oil ])umi) of the engine, that is, on the ‘‘pressure side” of 
the lubricating system. In this installation each unit may be placed wher- 
ever space is available for it. In a new design, however, it is sometimes 
possible to combine the oil tank and the heat transfer unit with the heat 
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transfer unit on the bottom of the tank. The oil then flows from the tank 
directly into the heat transfer unit, and from there to the engine. The heat 
transfer unit is thus in the intake line of the pressure oil pump of the en- 
gine, that is, on the “suction side” of the system. This latter arrangement 
materially reduces the piping, but of course requires care in the design to 
provide the space necessary for the combined tank and heat transfer unit. 
I«i either type of installation, the water connections can be placed in almost 



Fig. 187. — Wright Oil Cooler and Manual Control Valve as Installed in Airplane. 


any position desired on the unit, and the headers can be turned so as to 
provide several different positions for the oil connections. The installa- 
tion of the heat transfer unit with manual control value is shown at Fig. 

187. 

Two sizes of heat transfer unit are manufactured, one for engines from 
400 to 650 hp. and the other for engines of 650 hp. to 750 hp. The dimen- 
sions and weights of these arc as follows: 
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400 H.P, TO 650 H.P. UNIT 

Overall dimensions — 13" x 12^" x SJi", 
Size of oil connections — pipe tap. 

Size of water connections — 2" outside diam. 
Weight, empty — 25 pounds. 

Weight of contained water — lOK* pounds. 
Weight of contained oil — 125^ pounds. 
Cooling surface — 32 sq. ft. 

5-pass, giving equivalent tube length 45". 


650-750 H.P. UNIT 

Overall dimensions — 13)^" x 13" x 12J4"« 
Size of oil connections — fi" pipe tap. 

Size of water connections — 2" outside diam. 
Weight, empty — 31 pounds. 

Weight clf contained water — 14]/2 pounds. 
Weight of contained oil — 13 pounds. 
Cooling surface — 50 sq. ft. 

5-pass, giving equivalent tube length 45". 


(a) Acting as a cooler, the 400 to 650 hp. regulator is guaranteed to 
cool 5.5 gallons of oil per minute through 20 degrees fahrenheit when sup- 
plied with 70 gallons of water per minute and when the temperature of 
the oil entering the cooler is not less than 35 degrees fahrenheit above the 
temperature of the water entering the cooler. 

(b) Acting as a heater, the 400 to 650 hp. regulator is guaranteed to heat 
S.S gallons of oil per minute through 20 degrees fahrenheit when supplied 
with 70 gallons of water per minute, provided the tem])erature of the oil 
entering the heater is at least 40 degrees fahrenheit lower than the tem- 
perature of the water entering the heater. 


Wright T-3 Engine, 1,047 
cu. iix displacement. 

Average at 1,800 r. p. m., 
full throttle, 575 H.P. 

Waterflow, 70 gals, per 
min. 

Oilflow, 5.5 gals. i)er min. 


EXAMPLE AS ('OOLER 
Actual Tests 

r)utlet water temperature, 
180° E. 

Inlet water temperature, 
150° F. 

Inlet oil temperature, 180° 

Outlet oil temperature, 
160° F. 


Average oil pressure drop 
through oil radiator 0.3 
lbs. i)er sq. in. 

Average oil pressure in 
radiator: 

Inlet 3.3 lbs. per sq. in. 
Outlet 3.0 lbs. j)er s(|. in. 


The following data was obtained during three ground tests of planes 
equipped with the 4(X)-650 hp. oil temi^erature regulator: 


EXAMPLES AS HEATER 


Actual Tests on Three Different Planes 

Oil Temp, at 



Air 

Oil I'eriip. 

Time Re(|uired 
to Obtain Initial 

Time Required 
to Obtain lAill 

Instant Full 
Oil Pressure 

Date 

Temp. 

At .Start 

Oil Pressure 

Od l^ressure 

was Rep’t’d 

Jan. 4, 1924 

45° V. 

58° E. 

Le.s's than 1 min. 

6 min. 

72° E. 

Jan. 24,1924 

40° E. 

45° E. 

Less ih.in 1 miii. 

8 min. 

102° E. 

Mar. 10,1924 

44° E. 

60° E. 

Instantaneously 

5 min. 

87° E. 


Aircraft Engine Starting Methods. — The method employed in starting 
airplane engines by “swinging the stick,” as shown at Fig. 188 worked satis- 
factorily with small engines, but as engine sizes increased, the problem 
became one that needed considerable study for its solution. The need 
for a mechanical starting arrangement became particularly keen when the 
Liberty engine was first used and it required two or three men to start 
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that engine by turning the propeller. After the propeller had been turned 
over a number of times and engine primed with the switch off, contact was 
established and one man turned the propeller and his efforts were aided 
by one or two others who clasped hands and pulled him away when the 
engine started. The location of the engines in twin engine bombing planes 
and seaplanes were sometimes such that "'swinging the stick*’ was not practi- 
cal because the engines w'ere out of reach. When engines were used in 
dirigible balloons and carried in power cars mechanical starting means 
were imperative because they could not be started from the ground. Vari- 
ous types of engine starters have been devised. Some utilize the energy 



Fig. 189. — Aeromarine Inertia Engine Starter. 


stored a rapidly revoKing flywheel and are known as inertia starters. 
The flywdicel monicntiini be obtained l^y sj)inning it l)y a haiul crank 
or electric motor. Then tliere is a hand cranking and electric s])ark type. 
Electric starting motors similar to tliose employed in automobiles have 
been used. Air starting system have been used on airship engines and gas 
starters on large aircraft engines. 

The Aeromarine Starter. — This is a hand starter in which the cranking 
energy of the operator is not a])plied directly to turning over the engine 
crankshaft, but instead is used to start a flywheel rotating and bring it to 
a high speed. Wlien the operator has stored sufficient energy in this fly- 
wheel, he stands aAvay, free of all contact with engine or starting mecha- 
nism, and pulls a light control rod which connects the starting mechanism 
to the engine, *^]"Iiis di\'erts the energy stored in the flywheel through a 
train of gears into turning oa er the engine crankshaft. A fraction of a 
minute is sufficient to vStore the retjuired amount of energy for starting 
a 600 horsepower engine, the length. of time depending entirely upon the 
zeal of the oi)erator. 

The flywheel starter excels other starting devices for aircraft engines, 
whether power operated or hand operated, in its initial cranking speed, 
which may be well over lOf) r.]).m. While tli(‘ starter only turns the crank- 
shaft a few revolutions, this initial kick at high speed results in g'ood dis- 
tribution and compression, and makes it ])ossible to easily start large en- 
gines directly on the magnetos even when cold and with the spark fully 
advanced. 

Another advantage which is greatly appreciated by the mechanics who 
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have to start these engines, is that the operator can work with a sriioo^ 
easy pull on the handle and take his time at the job of speeding up the 
starter flywheel. He is therefore not subjected to the severe strain re- 
quired to turn a big engine over the conij^ression peaks when the ordinary 
hand starter is used. Furthermore, when the actual start is made, he is 
entirely clear of the starting mechanism and free from the possibility of 
injury from backfires, etc. As a further caution against any possibility of 
injury to the operator, a ratchet is provided on the hand crank shaft which 
is automatically disengaged by the same mechanism that connects the 
starter to the engine so that in case the operator should keep his hand on 
the hand crank while pulling the control rod he will still be unharmed 
should a backfire occur. 

In order to prevent any possibility of damage to the engine partJs at 
the instant of engagement of the starter jaw with the companion jaw oh 
the engine crankshaft, the device is provided with a specially designed over- 
load releasing clutch which may be set to allow the development of a 
definite maximum torque at the crankshaft, and is ca])al)le of holding this 
setting indefinitely wdthin very close limits. This clutch acts to absorb 
the shocks from backfires as well as during the initial engagement of the 
starter jaAvs. 

The inertia starter will give the engine crankshaft from three to eight 
ra])id turns, depeifding iqKm the stifTness of the engine, at a speed many 
times that of the electric or hand starters heretofore used. As many as 
twelve starts of a Liberty engine in normal running condition ha^e been 
made with a single cranking of the flywheel. Its weight is about the same 
as the lightest electric starter without the storage battery, and it there- 
fore represents a sul)stantial saving in weight as against the electrical 
equipment as a whole. 

When the suggestion of starting an aircraft engine by means of a fly- 
wheel was first brought forward, it created considerable amusement among 
those whose primary olqect in design is directed toward obtaining the 
lowest possible weight-power ratio. The term “flywheel’' is always asso- 
ciated with something very heavy. This however, in the case of stored 
energy, dei)ends entirely upon the speed at which it is possible to drive 
the flywheel, and as the stored energy increases as the sc^uare of the speed, 
it will be seen that by using a large gear reduction, a very small flywheel 
may be made to do a large amount of w^ork. For instance, the flywheel in 
the Aeromarine Inertia Starter weighs only five pounds and is only five 
inches in diameter, but on account of its high rotative speed, it has a very 
large ca])acity for storing energy. It may be easier to imagine just how 
great this energy capacity is if it is considered that an equivalent fly- 
wheel Avithout any gear reduction and two feet in diameter instead of 
five inches would have to weight over 5,000 ])Ounds-;-or more than 1,000 
times the Aveight of the Inertia Starter Flywheel. 

The gear ratio used is 162 to 1 between the hand crank and the flywheel, 
so that a hand crank speed of 100 r.i).m. turns the flywheel over at more 
than 16,000 revolutions i)er minute. The gear reduction between the fly- 
Avhecl and the engine crankshaft is slightly less (133) so that the starter 
jaw turns about 25 per cent faster than the hand crank. 
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This large gear ratio is obtained in the type of starter illustrated with 
two spur gear reductions, the second one involving the use of the Aero- 
marine standard five tooth pinion. All gears are mounted on ball bearings 
and are of the Maag tooth outline, which makes for great strength and high 
efficiency. The meshing mechanism for connecting the starter to the en- 
gine is provided with a toggle si)ring which provides a very quick engage- 
ment and thus insures that the jaw teeth engage to the full depth and do 
not catch on the edges. The starter is mounted in an oil tight cast alu- 
minum casing and all external steel parts are finished in dull nickel. 



Fig. 190. — Wright Hand Turning Gear and Starting Magneto. 


The Wright Starter. — The Wright Hand Turning Gear is the success- 
ful result of several years of work in the development of a device by which 
an aviation engine may be started readily by hand, without danger of 
injury to the operator or damage to the engine or starter. The gear is 
simple, compact, and reasonable in weight, and may be used on engines of 
widely different sizes without any change other than a simple adjustment. 
It is supplied in two gear ratios, 6 to 1 or 15 to 1, as specified by the cus- 
tomer. 
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111 , the illustration at Fig* 190, which shows the side of the starter to- 
Avard the engine, most of the external parts of the gear are visible. Tht 
splined shaft fits into the rear end of the engine crankshaft and the five holes 
receive five studs by which the gear is bolted to the rear end of the crank- 
case. The bolting flange and spline are designed to fit the standard army 
and navy starter mounting as used on Liberty, Wright, Curtiss and other 
engines. The starter shaft carries a bronze worm wheel, which engages 
a worm driven by the handcrank. The starting magneto, which is an in- 
tegral part of the device, is also driven by the starting crank, through 
gears. 

Ill starting, the worm is brought into contact with the worm wheel by 
pushing on the small rod beside the starting crankshaft. Turning the crank 
then brings the worm into full engagement, and further turning rotates 
the engine crankshaft. When the engine fires, the worm is thrown out of 
engagement, but as it slides endwise on its shaft no end motion is trans- 
mitted to the starting crank. The disengagement of the worm, however, 
does not throw the starting magneto out of gear, so that it may be kept 
ill operation by turning the hand crank until the engine has picked up enough 
sjiced to fire regularly on the running magnetos. The starting magneto 
furnishes high tension current which is distributed to the spark plugs 
through one of the main magnetos. It is designed to operate in connec- 
tion with a “trailing brush” on the running magneto, which gives a greatly 
retarded spark, thus reducing to a minimum the probability of the engine 
"kicking back.” However, should a “back-kick” occur wdiile the engine 
is being cranked, the engine and starter are positively protected flgainst 
damage by a multiple disc friction clutch, interposed between the worm 
wheel and the siilined shaft, loaded by four carefully e([ualized springs. 
Thus a “kick back” results merely in slipping this clutch. An external 
ratchet on the starting crank shaft positively prevents the crank from 
turning backwards. The only adjustment required is for S])ring tension 
of the friction clutch. This adjustment is made at the factory to suit the 
jiarticular engine with which the turning gear is to be used, and ordi- 
narily docs not require further adjustment in service. Thus the gear 
requires no attention or adjustment after installation on the engine. 

The addition of the turning gear increases the length of the engine by 
4]/^ inches, and a space of 4% inches is necessary to remove it Avithout 
disturbing the engine. The Aveight of the gear, including the magneto 
l)ut not the hand crank, is 25 pounds. The starting magneto is attached 
to the gear by a special strap which permits its rciiH)val Avithout the use 
of wrenches, a feature of great advantage in Avorkiiig in the space betAveen 
the engine and the fire-wall. The crank may be attached to either end of 
the Avorni shaft, and the gear as a Avhole may be mounted in several differ- 
ent angular positions. With an adapter plate between the gear and the 
engine, any desired angle between the starting crank' and the horizontal 
may be obtained. The starting crank is made up Avith a long shank and 
is sui)])lied Avith the end fittings nut attached, so that it may be cut to 
the length best suited to the airplane in Avhich it is used. 

The gear ratio between the hand crank and engine crankshaft is such 
that under ordinary conditions one man can turn the engine, unless the 
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location of the crank with respect to other parts of the airplane is such as 
fo prevent him from exerting his strength effectively. To meet unfavorable 
conditions, the grip on the crank has been made long enough to allow for 
cranking by two men. The hand crank is usually pinned permanently to 
the starter shaft, so that it may be carried in position, but if desired, the 
end of the crank may be fitted with a slot to allow it to be removed. Ball 
bearings on the spline shaft and on the worm shaft take the thrusts of 
the worm and gear. All parts are thoroughly lubricated by pressure feed 
from the engine oiling system. 



Fig. 191. — Eclipse Aviation Hand Starter with Booster Magneto Integrally Mounted. 

Eclipse Aviation Engine Starters. — The Ecli])sc aviation hand starter with 
booster magneto is shown at h'ig. 101. The gea^* ratio is 20 to 1 for en- 
gines uj) to 2,000 cubic inches dis]>lac(‘ment, 12 to 1 ff)r engines tip to 1,4CX) 
cubic inches and 6 to 1 for engines up to OQO cubic inches displacement. It may 
be applied to any aviation engine having a standard attachment plate. 
It has been fitted to the Li1:>erty, Wright, Curtiss and other types of en- 
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gines. The weight complete with brackets, booster magneto and integral 
gearing is 28 pounds. The starter may be had without magneto if desired. 
The hand starter consists of a gear reduction operating an automatic 
meshing and demeshing mechanism through an adjustable multiple disc 
clutch, operating in grease. The purpose of the multiple disc clutch is to 
])rovide a disconnection in the drive in case of engine backfire. Means 
are provided for preventing backward rotation of the handcrank at back- 



Fig. 192. — Eclipse Aviation Engine Starters. A — Combination Hand and Electric 
Inertia Starter. B — Hand Inertia Starter. C — Concentric Type Inertia Starter. 

fire, thus preventing any possil)ility of injuring the operator. The auto- 
matic shift mechanism, as well as the ])ackfire clutch are absolutely identi- 
cal with tlic mechanism used in the Eclipse Aviation Electric Starter. The 
'complete hand starter weighs 17 pounds. 

Provision has been made to permit cranking from cither side of the 
])lane desired. A sufficient number of holes have been located in the 
mounting flange to permit a varied amount of angularity of the hand crank 
shaft, in order to place the hand crank in tlie most accessible position when 
applying the starter to the ship. Where hand magneto is desired, an 
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attachment consisting of gearing, magneto bracket and hand magneto 
complete can be furnished for adapting to the standard hand starter. The 
advantage of this attachment lies in the fact that under normal conditions 
an oi)erator cranking the hand starter at approximately 80 r.p.m. to the 
crank handle shaft will si)in the magneto armature at approximately 1,000 
r.p.m. The gear train transmitting rotation from the hand starter shaft 
to magneto armature is completely enclosed against entrance of dust. 

Eclipse Hand and Electric Inertia Starter Series VII. — This starter 
shown at Fig. 192 A which o])erates on the principle of the storing of 
energy in a flywheel, was designed to fill the need for a light and efficient 
unit caj)al)le of cranking an airplane engine at high speed and satisfactorily ’ 
starting the same during cold weather without the use of an auxiliary 
l)ooster magneto, or like devices. The Series VTT starter is recommended 
for use with engines of 2,500 cubic inch dis])lacemcnt, or smaller. The 
advantages of this tyi)e starter are obvious. The o])erator is enabled to 
make a start either on the ground or in the air merely by pressing a push 
button. This feature will be found particularly valuable in the case of a 
forced landing or with an engine stalling in flight. Cold Aveather starting 
is greatly facilitated because an instantaneous s])eed of approximately 125 
r.p.m. of the engine crankshaft is attained, and this speed insures delivery 
of gas to the cylinders and also j^ermits of starting with a fully advanced 
spark. Attached to a standard Liberty engine, live to six complete revolu- 
tions of the propeller are obtained from one loading of energy in the fly- 
W'heel. The anionnt of current consumed is entirely independent of the 
stiffnes?; or tcnijierature of the engine, as the electric motor is merely used 
to accelerate a nywheel to a inaximuin sjieed of approximately 16,000 r.ji.in., 
whereas in the electric starting motor type, the crankshaft is turned directly 
by the motor armalure through gearing. 

The starter as furnished can be ojierated at Avill either manually or elec- 
trically. If, ho^^e\er, electrical e(|ui]nnent is not C()inemi)lated on the 
])lane, the starter can be furnished without the electric motor, as shown at 
Fig. 192 B a cover ])late being mounted in its ])lacc. In such a case, how- 
e\er, the motor can be ajiplied at a later time wdthout any change other 
than the removal of the plate, and the a]>])lying of a motor, which is held 
in ])lace by four screws. The Aveight of the coinlu’nation unit is 35 jiounds. 
Without the electrical attachment the weight is 27 ])ounds. Des])ite its re- 
markably light Aveight, the dcAu'ce is sufficiently rugged to operate satis- 
factorily indefinitely. 

The flywheel is brought up to si)ccd cither manually or electrically, and 
the energy stored in same is released at the A\ill of the oi)erator by manu- 
ally engaging it tluough a gear reduction drive, clutch and engaging 
mechanism Avith the crank shaft of the engine. *^Idie clutch is of the multi- 
ple disc ty])e o])erating in grease, and can b(t adjusted for any predeter- 
mined torcpie to suit the engine to Avhich the starter is a])])licd. 1 he pur- 
j)ose of this clutch is to ])rovide a disconnection in the drive in case of en- 
gine backfire, thuh effectively ])reventiug damage to any i)art of the mecha- 
nism. The electric motor is arranged to automatically engage Avith the 
flyAvheel ui)on closure of the electric circuit, and to disengage when the cir- 
cuit is broken, thus relieving the starter at all times of any losses due to 
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))rLish friction, particularly when hand cranking^. The normal speed of the 
flvAvheel is 16,000 r.p.m. when accelerated electrically. This speed can 
easily be reached inanually, and even exceeded. In some instances, how- 
ever, it is possible to effect a start with a flywheel speed as low as 9,000 
r.p.m. From this an idea can be formed of the amount of reserve power 
])resent when the flywheel is fully accelerated. The minimum sj)eed to 
effect a start can be procured electrically in from two to four seconds time 
with a normal battery. From twelve to fourteen seconds is reciuired to 
attain maximum flywheel s])eed. When accelerating by hand, maximum 
Sliced can be ol)tained in ribont one minute, de])endin^i;' upon the operator. 



Fig. 193. — Eclipse Combination Hand and Electric Starter. Crankshaft can be Turned 
Either by Hand Crank of by Electricity from 12 Volt Battery. 


The electric motor is desij^ned to o]>crate in conjunction with a 12 volt 
air])lane ty])e stora^iie battery. The avera,^e current consumption is 120 ami>ercs. 
Assuming that a 15 ami)ere, 15 volt generator is used at normal cruising 
speeds, an empty battery should be completely replenished in about 
two hours time. Application of the unit can ])e made to ])ractically any 
existing type of engine. Eighteen holes, tAventy degrees apart are located 
in the mounting flange of the starter to ])ermit of mounting the same at 
almost any desired angle, thcrclw greatly assisting in its easy application. 
If desired, the starter can be mounted in a completely inverted position 
without affecting its oj^eration in any Avay. Provision has been made for 
cranking by hand from either side of the plane as desired, and in addition 
the hand crank shaft can be varied through a fifteen degree angle, either up- 
wards or downwards with resi>ect to the center line of the starter. This 
feature, combined with the ability to rotate the starter at the mounting 
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flange, makes possible the location of the hand crank in the most accessible 
position when applying the starter to the ship. A manual hand crank with 
fixtures is furnished with each starter. Moving parts are completely en- 
closed and protected against ingress of dust. No lubrication of any kind 
is required, as the starters when shipped from the factory contain sufficient 
lubrication to last indefinitely. The inertia starter is also made in the con- 
centric form as shown at Fig. 192 C, well adapted to radial engines. 

Eclipse Electric Starter, 12 Volt. — This starting motor shown at Fig. 
193 has been designed to mount at the ignition end of the Liberty 12-cyl- 
inder engine, and is also applicable to such engines as the Curtiss, Wright 
and Packard, etc. The application of this type of starter has been 
considered standard by aviation engine manufacturers, and almost all of 
them are building their engines to receive this starting motor. This motor 
is furnished as a combination electric and hand unit. If desired as an elec- 
tric starter only, it can be furnished without the hand attachment. Prac- 
tically all of the installations of this starter are in the form of the com- 
bined electric and hand unit. The starting motor operates in conjunction 
with a suitable 12 volt battery, of a size depending upon capacity, as well 
as other uses to which the battery may be put. Batteries are obtainable in 
weights ranging from 35 pounds to 70 pounds. Detailed information on 
batteries may be obtained direct from the battery makers. 

The unit will crank a standard 12-cylindcr l.iberty engine at a speed 
of approximately 30 r.p.m. It consists of a small electric motor geared at 
a ratio of 100 to 1, the power of which is transmitted to an automatic en- 
gagement mechanism merely by closing an electrical switch contact. Dis- 
engagement is also effected automatically when the engine fires. A back- 
fire release mechanism in the form of a multiple disc clutch is incorporated 
in the starter to prevent damage to the driving mechanism in the event of 
a backfire. It is designed, in the form shown for engines of 2,000 cubic 
inches displacement or smaller. 

A hand crank attachment has been incorporated in the design of this 
device, such that should a storage battery not be available, the device may 
be used as a suitable hand crank, giving a reduction of approximately 20 to 
1, and using the same automatic meshing and demeshing mechanism, as 
well as backfire damage prevention device, as when the device operates as 
an electric starter. Means have also been provided for preventing back- 
ward rotation of the hand crank in case of backfire, thus preventing any 
possibility of injury to the optmior. This hand crank attachment has been de- 
signed so that the engine can be cranked from either side, and by turning 
the crank handle in either direction,' merely by the interchange of parts 
when assembling the hand crank unit. For outboard engine installation, 
that is for multi-engine airplanes or airshii)s, a magnetically-operated, re- 
mote control solenoid switch and pilot push button switch are provided. 
This saves starting cable weight and makes for complete control of the 
electrical starting equipment within reach of the pilot. In addition to this, 
multi-engine ships may be operated from a single battery. The total 
weight of the complete unit is 34 pounds. The above unit is suitable for 
engines up to 450 horsepower. Provision has been made for applying a 
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larger electric motor with additional weight of 4j4 pounds for engines in 
excess of 450 horsepower. 

The Bristol Gas Starter. — The Beardmore engine shown at Fig. 184 is 
said to be easily started by the Bristol gas starter, despite its large size. 
The starter consists of a small air-cooled, single-cylinder, two-cycle engine 
driving a pumping cylinder that draws a supply of gasoline vapor and air 
from the carburetor of the starter engine and delivers it under pressure to 
the cylinders of the main engine. The delivery of the mixture to the latter 
is controlled by a small disc-valve distributor driven from the main engine 
at half the crankshaft speed and arranged so that the mixture enters the 
cylinders, first on the firing stroke and secondly for a part of the induction 
stroke. To avoid the loss of pressure which would occur from the escape 
of gas through the open inlet valves on the induction stroke, the port in 
the distributor is first closed during this period by a spring-loaded mush- 
room valve, but when the main engine begins to turn freely, a hand lever 
is raised to open the valve referred to, gas then being admitted on the induc- 
tion stroke. After a complete revolution in this condition, the cylinders and 
the whole of the induction system are thus filled with gas. Although the 
starter engine has only one cylinder, it is fitted with a two-cylinder ty-pe 
magneto and the second ignition lead is connected to the distributor of 
the magneto of the main engine. For the first part of the starting opera- 
tion, this second itad is short-circuited, but when the main engine is turn- 
ing freely and has been filled with gas as described, the short-circuiting 
switch is opened and the engine then fires and picks up on its own car- 
buretors. A non-return valve is fitted in the starter connection to each 
cylinder of the main engine to isolate the starter when the engine is running 
normally. 

The starter will maintain a gas pressure of 140 pounds per square inch, 
and it is caj)ablc of starting high-speed gasoline engines with cylinder ca- 
pacities up to 2,500 cubic inches or slow-speed oil engines up to 5,000 cubic 
inches capacity. An important feature of the arrangement is the fact that 
the only connections between the main engine and the starter are a small- 
bore pipe and a high-tension lead, and it is thus possible to locate the 
starter in any convenient position up to 20 feet from the engine. The 
weight of the starter unit is 50 pounds, so that it is suitable for use with 
aircraft engines, and, as the starter engine can be run continuously with- 
out overheating, it can be used for driving auxiliaries such as wireless gen- 
erators at such times that the ])lane is not in flight a very convenient thing 
if a large sea])lanc was forced to alight away from shore or a commercial 
air])Iane had to land in a remote locality. The small g-cnerators arc usually 
driven by small air propellers that will turn only when the airplane is in 
flight. 

Air Starting System. — The “Christensen” air starting system which has 
been used in airships in the original or modified form is shown at Figs. 
194 and 195. An air pump is driven by the engine, and this supplies air 
to an air reservoir or container attached to the fuselage. This container 
communicates with the top of an air distributor when a suitable control 
valve is open. An air ])ressure gauge is provided to enable one to ascertain 
the air pressure available. The top of each cylinder is provided with a 
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check valve, through which air can flow only in one direction, i.e., from 
the tank to the interior of the cylinder. Under explosive pressure these 
check valves close. The function of the distributor is practically the same 
as that of an ignition timer, its purpose being to distribute the air to the 
cylinders of the engine only in the proper firing order. All the while that 
the engine is running and the car is in motion the air pump is functioning, 
unless thrown out of action by an easily mani[)ulated automatic control. 




Fig. 195. — Diagrams Showing Installation of Air Starting System on Large Aviation Engines. 
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— Fuel Supply System of Early Model DH 4 Airplanes Using Liberty Engines in which Gasoline was Displaced by Air Prcs» 

sure in Main Tank. 
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Fuel Tanks and Supply Systems.— The problem of gasoline storage and 
method of supplying the carburetor is one that is determined by design of 
the airplane, the desired cruising range and amount of engine power 
supplied. While the object of designers should be to supply the fuel to 
the carburetor by as simple means as possible the fuel supply system of 
some airplanes is quite complex. The first point to consider is the location 
of the gasoline tank. This depends upon the amount of fuel needed and the 
space available in the fuselage. 

A very simple and compact fuel supply system may be used on training 
planes. In this instance the fuel container is placed immediately back of 
the engine. The carburetor which is carried lower than the engine or tank 
is joined to the tank by a short piece of copper or flexible tubing. This is 
the simplest possible form of fuel supply system as gravity is employed 
to supply the fuel. 

As the sizes of engines increase and the power plant fuel-consumption 
augments it is necessary to use more fuel, and to obtain a satisfactory fly- 
ing radius without frequent landings for filling the fuel tank it is necessary 
to supply large containers, some of which may be carried below the en- 
gines. 

When a very powerful power plant is fitted, as on battle planes of high 
capacity, it is necessary to carry large quantities of gasoline. In order to 
use a tank of sufficiently large capacity it may be necessary to carry it lower 
than the carburetor. When installed in this manner it is necessary to 
force fuel out of the tank by air pressure or to pump it out with a hand or 
wind driven suction pump to auxiliary tanks from which the feed may be 
by gravity because the gasoline tank is lower than the carburetor it supplies 
and the gasoline cannot flow from the main tank by gravity as in the 
simpler systems. The pump feed systems are generally used in airplanes 
at the present time. 

The fuel system of the DH4 airplanes shown at Fig. 196 is typical of 
installations where fuel is dis])laced by air ])ressure from the main tank to 
an auxiliary tank in the center section. Two air i)umps are used, one driven 
by the engine, the otlicr by hand. In the type shown the main tank is 
carried back of the forward cockpit, a not entirely desirable location which 
Avas afterwards changed by putting it immediately back of the engine. A 
s])ecial fitting is used by which fuel may be supplied to the carburetors from 
the auxiliary tank or from the main tank. The hand ])uni]) is used to pro- 
duce initial pressure on the main tank and fill the auxiliary tank by air 
displacement. Normally, the three-way i)um]) valve is turned to the closed 
position. While in flight, the engine driven air pump supjdies the air to 
the main fuel tank. Sometimes fuel is tranferred from a main tank to 
auxiliary tanks by air ])ropeller driven fuel pumps supplemented by hand 
])umps. 

The sectional view of the “Pathfinder, an airplane built by the Key- 
stone Aircraft Corporation for trans-oceanic flight and provided with three 
Wright Whirlwind motors shoAvn at Fig. 197 depicts how fuel and oil tanks 
are installed in a plane intended for long distance flights. As deep section 
aerofoils arc used, it is possible to use large wing tanks in the upper wing. 
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Fig. 197. — Fuel Tank Location in Keystone Pathfinder Biplane. 
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Three fuel tanks with a capacity of 500 gallons in all arc mounted in the 
aerofoil. Directly back of the pik)t\s compartment is a large tank cai)al)le 
of holding 900 gallons and a small tank capable of holding 1(X) gallons is 
situated under the pilot’s seat. .This makes a total of 1,500 gallons which 
will give the plane a range of 4,5(X) miles, or an air endurance of about 
SO hours. Eor normal commercial use, the large tanks in the fuselage are 
eliminated and this space is devoted to ])assengcrs or freight. The fuel 
capacity is thus reduced to enough to cruise 1,500 miles, which means an 
air endurance of al)out 15 hours. Four oil tanks are provided, with a total 
capacity of 108 gallons. 

The system e)f fuel su])])Iy involving ])ressure in the su])])ly tanks to 
transfer the fuel is not universally favored because there is more danger 
of leakage and a consec|uently greater fire risk than when there Avas only 
atmospheric ])ressure in a vented tank. Modern air])Ianes depend on engine 
driven fuel pum])s to deliver fuel from the main tanks directly to the car- 
buretors in some instances, in others, the mechanical fuel pumps deliver 
the gasoline to auxiliary tanks, from which fuel feed to carburetors is by 
gravity. When pressure is carried in the main tank, any slight leak around 
a rivet or in a soldered seam permits more fuel to escape than would he the 
case in a vented tank. 

During the Wiiv and for some time afterAvard, an air ])ressure system 
Avas used to su])*ply fuel to the carburetors. A small engine-driven air 
puni]) maintained a lu'essure of 2 to 4 ]H)unds ])cr sijuare inch on the tanks. 
Air pressure on the tanks constituted a very serious fire hazard in the event 
of a crash. The large tanks must he of very light construction and are 
therefore fragile. In the case of a hurst tank, the air ])ressure caused 
gasoline and Axipors to he sjirayed around in the debris Avith almijst a certainty 
of some of it finding its a\ ay to the hot exhaust stacks. At ])rcsent, it is 
general practice to learl the fuel from the tank through a hand pump, Avhich 
can be ojierated by the ])ilot in case of necessity, to a very small engine- 
driven fuel ])ump. This puni]) delivers th(‘ gasoline directly to the carbu- 
retors at a ])rcssurc of from 4 to 5 ])ounds ])er sejuare inch. A small sjiring- 
loaded valve is usc'd to regulate the pressure and the overiloAv is returned 
to the tank. This overflow cannot he returned to the suction side of the 
pum]) through a regurgitating valve because, at great altitude, the fuel be- 
comes highly volatile and many bubbles are formed in the su]>i)ly line, and 
if returned to the supjily air bubbles would cause the pump to become 
airbouiid. 

Duralumin Fuel Tanks. — When airplanes were first built, light gauge 
tinned copper was emi)Ioyed for fuel tanks, and brass and terneplate Averc 
also used. The reason for using these materials, des])ite their great Aveight, 
was that the tanks Averc C)f relatively small capacity and could be easily 
soldered at the joints and seams. As fuel tanks I)tcame larger, lighter 
materials Avere sought as the cuprous and ferrous metals or alloys Avere 
much too heavy. Duralumin has been successfidly employed for fuel tanks 
by the Curtiss Aeroplane and Motor Coni])any and other constructors; but 
through the discovery of a ucav j)laling ])rocess, it is ])ossible to srilder the 
material instead of welding it as Avas necessary iti the ])ast. 
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Inability to solder aluminum satisfactorily forced the use of a welded 
construction on these tanks. This type of construction was extremely 
difficult and expensive, and the appearance of the finished product was not 
highly satisfactory. In addition, service difficulties developed : a sediment 
formed which interfered with the gasoline flow; leaks were frequent, and 
repairs in the field were difficult — in fact, almost impossible. In spite of 
these drawbacks, aluminum tanks have come to be extensively used in air- 
craft, solely because of their great weight advantage. It is interesting to 
note that probably the first aluminum tanks to be used in this country 
were those built by the Curtiss Company and installed in the NC boats, one 
of which, in 1919, made the first flight across the Atlantic, via the Azores. 

Realizing that the ideal type of tank would be one which would com- 
bine the lightness of the aluminum type with the low cost and excellent 
service features of the brass tank, the Curtiss Company set about to develop 
such a tank, and, after a great deal of research and experimentation, has 
produced a duralumin tank. The special nickel-plating process was devel- 
oped by William J. Travers, of Buffalo, N. Y., and Curtiss is the sole 
aeronautical licensee. Plated duralumin tanks, therefore, can be made 
by the same methods as brass tanks, which means ease and low cost of 
manufacture. They stand up well in service, develop no dej)osit to inter- 
fere with fuel flow, and, if damaged, can be repaired easily with an ordi- 
nary soldering iron. Combined with these advantages is 1?he extremely low 
weight of the duralumin. 

The importance of this weight saving can easily be seen when one real- 
izes that on the Curtiss Hawk pursuit plane, a saving of about 45 pounds 
has been realized by making the gasoline and oil tanks of duralumin in- 
stead of brass, and this saving would, of course, be increased in larger 
machines. Since the weight carried by the Hawk is 6 }^ pounds per horse- 
power, the saving of 45 pounds means that 7 horsepower has been released 
to do useful work in propelling the airplane. Plated duralumin tanks have 
undergone all kinds of service tests for the past two years, and have shown 
up so satisfactorily that all tanks now being made by the Curtiss Company, 
including those for the U. S. Army and Navy Hawks and the Army Fal- 
cons, are of plated duralumin. These tanks are also being manufactured 
by the Curtiss Company for the trade. 

^ Aircraft Carburetors. — Aircraft carburetors operate under extreme vari- 
ations of temperature and pressure. The atmospheric conditions vary, not 
only with season and weather, but also Avith altitude. The variation of 
temperature and pressure with altitude is very wide and requires a corre- 
spondingly Avide range of mixture control. Since the mixture given by a 
carburetor becomes lean with increasing density, the fuel metering orifices 
must be large enough to take care of the highest density at which the en- 
gine will operate. A manual control is provided to weaken the mixture for 
lower densities. At a 20,000 foot altitude it is stated the mixture would be 
50 per cent too rich with sea level adjustment. 

Fig. 198 shoAvs the types of control usually used. At A is shown a 
control which varies the pressure in the float chamber. A number of car- 
buretors are easily synchronized by connecting the float chambers with 
balancing tubes. At B is shown a very successful type of control which 
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admits air between the venturi throat and throttle valve. Since a 
large amount of air is handled by the valve, slight mechanical variations 
do not appreciably interfere with synchronisation of the valves on several 
carburetors. The controls shown are all designed for hand adjustment, 
which requires experience on the part of the pilot and the controls are not 
always properly handled. Some experimental work has been accomplished 
to the end of developing an automatic aneroid mechanism which will oper- 
ate the mixture control. 

Another condition under which the aircraft engine carburetor must 
operate is the extreme variation from the horizontal position. Smooth 
engine operation must be maintained in climbs, dives and side slips. This 
is met by careful location of the float chamber in relation to the fuel 
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nozzles and metering orifices. On single carburetors the float chamber 
is located at the side, or the annular ty])e is used. The most up-to-date 
duplex carburetors mount the float chamber between the two barrels, or 
have a U-shaped float chamber partially surrounding^ them. 

In order to reduce fire hazard, the carburetor air intakes should pro- 
ject outside the engine cowling and fuel drip jiipes should lead any fuel 
leaking due to ''flooding” away from the engine, especially the exhaust gas 
discharge. This means that the aircraft carburetor must take its air from 
a slipstream travelling at a rate of from 1(X) to 200 m.p.h., which constitutes 
another problem in carburetion peculiar to aircraft service. For general 
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Fig. 198, con’t — D — How Carburetor is Mounted on Liberty Engine between Cylinder Banks. E — Carburetors and Induction Mani- 
folds of Liberty Airplane Motor Removed from Cylinders. 
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the ratio of gasoline to air at varying speeds from this type of jet. The 
mixture is practically constant only between narrow limits and at very 
high speed. The most common method of correcting this defect is by 
putting various auxiliary air valves which, adding air, tends to dilute this 
mixture as it gets too rich. It is difficult with makeshift devices to gauge 
this dilution accurately for every motor speed. 

Now, if we have a jet which grows richer as the suction increases, the 
opposite type of jet is one which would grow leaner under similar condi- 
tions. Baverey, the inventor of the Zenith, discovered the principle of 
the constant flow device which is shown in Fig. 200 C. Here a certain 
fixed amount of gasoline determined by the opening I is permitted to flow 
by gravity into the well J open to the air. The suction at jet H has no 
effect upon the gravity compensator I l)ecaiise the suction is destroyed 
by the open well J. The compensator, then, delivers a steady rate of flow 
per unit of time, and as the motor suction increases more air is drawn up, 
while the amount of gasoline remains the same and the mixture groAvs 
poorer and poorer. Fig. 200 D, shows this curve. 

By combining these two types of rich and poor mixture carburetors 
the Zenith compound nozzle was evolved. In Fig. 200 E, we have l)oth the 
direct suction or richer type leading through pipe E and nozzle G and the 
^'constant flow” device of Baverey shown at J, I, K and nozzle H. One 
counteracts the defects of the other, so that from the cranking of the motor 
to its highest speed there is a constant ratio of air and gasoline to supply 
efficient fombustion. 

With the coming of the double motor containing eight or twelve cyl- 
inders arranged in two V blocks, the question of good carburetion has been 
a problem requiring much study. The single carburetor has given only 
indifferent results due to the strong cross suction in the inlet manifold from 
on^ set of cylinders to the other. This naturally led to the adoption of 
two carburetors in which each set of cylinders was independently fed by 
a separate carburetor. Results from this system Averc very good when the 
two carburetors were Avorking exactly in unison, but as it Avas extremely 
difficult to accomplish this cooperation, this system never gained in favor. 
The next logical step was the Zenith Duplex, shown in its simplest form 
at Fig. 201. This consists of two separate and distinct carburetors joined 
together so that a common gasoline float chamber and air inlet could be 
used by both. It does away with cross suction in the manifold because 
each set of cylinders has a separate manifold. One l^uplex carburetor is 
satisfactory for an eight-cylinder V engine but two duplex carburetors 
have been found necessary on 12-cylinder V engines, each mixing chamber 
being joined to a manifold serving three cylinders as shoAvn at Fig. 198 

The altitude adjustment of the Zenith Aeronautical Carburetor is illus- 
trated diagrammatically at Fig. 202 A and as applied to the carburetor used 
on Liberty engines at Fig. 202 B. The float chamber is open to the air 
through two screened air inlets. The well J is in open communication at 
its top with the float chamber. A passage P is provided from the float 
chamber to the carbureting chamber below the throttle valve, this passage 
is fitted with a stop cock L which is manually operated from the pilot’s 
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seat. Under normal conditions, i.e., near the ground the stop cock should 
he closed. The fuel in the float chamber will be subjected to atmospheric 
l)ressure through screened air inlets. When the engine is running, the 
partial vacuum produced in the choke X will draw fuel out of nozzles G 
and H in proper proportions. When an altitude of 6,000 feet is reached, 
the pilot will begin opening the valve L, thus drawing air from the float 
chamber and establishing a partial vacuum therein, this depending upon 
the amount the valve L is opened. The partial vacuum or suction effect on 
tf»p of the gasoline in the float chamber will reduce the flow through the 
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jets because of its retardinp^ effect and the mixture will become more lean. 
Idle altitude valve should be o])cned as much as possible without its pro- 
ducing a drop in revolutions of the engine. 

The size of the three variables. Choke Tube, Main Jet and Compensa- 
tor that determine mixture projections has been carefully determined by 
the engine builders and should not be changed exce])t under extreme con- 



Fig. 201. — The Zenith Duplex Carburetor for Airplane Motors of the V Type. 

ditions. The numbers stamped on each of these parts indicate the size. 
The chokes are nnnibered according* to the smallest inside diameter in milli- 
meters. The jets and comjiensalors are numl)ered according to the di- 
ameter of the opening in liundredths of a millimeter. l"or instance, a No. 
105 jet has a hole 1.05 millinicters in diameter. The ehokc and jet sizes 
wdiich have been found to give the 1>est results on Liberty “12” engines 
are : 

Clioki' No. 31 

Jet 145 

(J()iij|)(.-nsator No. 15,S 

Idlinjj: jet No. 70 

Airplane Engine Superchargers.— An examination of some of the 
present day engines and a review of the descriptive matter j)reeeding w'ould 
lead one to the o])inion that, in the light of current knoAvledgc of ma- 
terials, a further im])ortant reduction in the si)ecific weight of conven- 
tional four-strokc-cycle engines is hardly to be exi)ected Avitbout sacrificing 
durability unless there be some radical change in design not at present 
contemplated. Therefore, Avith due regard for continued im])rovement 
along these lines and for the possil)lc deA^elopment of engine tyj)es that are 
radically different from the ])rcsent acet^pted standards, it Avould seem that 
one of the most logical fields for imjirovement of the aircraft engine would 
be the bettering of its altitude performance. 
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Considerable data dealing*- with the altitude performance of the internal- 
combustion eiii^ine has l)een published, and it is not planned to discuss 
this phase of the problem in this treatise to any extent. It is enough to 
call attention to the fact that, as the power developed in the cylinders of 
the internal-combustion engine is directly ])roportional, other conditions 
being constant, to the weight of charge burned in a unit of time, it naturally 
follows that the power developed at altitude, for a constant engine speed, 
will decrease approximately in direct i)ro])ortion with the decreased air- 
density; the l)rake, or effective, power decreasing somewhat more rapidly 
due to the fact that certain of the friction losses remain constant. Thus, 
an engine will develo]) somewhat less than one-half its sea level power 
under altitude conditions of one-half air-density, or at an altitude about 
20,000 feet because the weight f)f mixture taken into the cylinders is only 
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Fig. 202.— Diagrams Showing Altitude Control in Zenith Aviation Engine Carburetor. 

A — Showing Principles Involved. B — Practical Application to Zenith-Liberty 

Carburetor. 

lialf that ins])ired at sea le\ el. The air gets less dense or thinner the higher 
we go. On the basis of i)()W'er de\eln])ed at high altitude, supercharging, as 
defined by the maintenance of se*a level density of the air supplied to the 
engine, um]uestiona1)ly is su])erior to the other methods. Whatever may 
be the i)articular advantages of supercharging, it would seem to have a 
<lefinitc application in the fulure develojunent of aircraft engines. In re- 
viewing the supercharger developments it A\ill ])e noted that attention for 
the most ])art has been directecl toward devel()i)ing the high-s])eed cen- 
tri fugal-t\']^e air-coni])ressor, whereas not so much consideration has been 
given to the i)ositivc displacement rotary-type coni]>res.sor, although it 
liossesses some merit for supercharging service. Tlie Kools coni])ressor. 
Iieloiiging to the latter class, has been used to ^.ome extent as a supei- 
charger on automobile engines, notably on the Mercedes automobile en- 
gines and on racing engines in luiro])e and in this country. 

With a normal engine, the falling off in ]jow er as the ])lane ascends docs 
not result in as much of a reduction in propeller speed as might be thought, 
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because of the diminished density of the air in which the propeller is work- 
ing. It is stated that some engines do not lose over 75 r.p.m. at 20,000 
feet. When an engine is supercharged so that the power remains constant 
as the plane ascends, the propeller tends to “race” at great altitudes. 
Therefore it is necessary either to use a variable-pitch propeller or install 
one that holds the engine speed down too low for best performance on the 
ground but that does not allow the engine to race too much at great alti- 
tude. 

It is already common practice to build aviation engines with compres- 
sion so high that the throttle cannot be fully opened on the ground with- 
out injury to the engine. This practice is not ol)jectionable because the 
engine is intended for flight pur])oscs and not for operation at sea level. 
In this way the same power is obtained at 5,000 feet as can be obtained on 
the ground. It has been suggested that this idea be carried further and 
that an “oversize” engine be built with much higher compression so the 
throttle cannot be opened fully until a considerable altitude, such as 10,000 
or 15,000 feet, is reached. It has been stated that such an engine could l)e 
made lighter, in proportion to the cylinder sizes, than a conventional en- 
gine, on account of the fact that the throttle would never be oi)ened near 
the ground, but it is believed that when this idea is investigated, it will be 
found that it is the inertia forces quite as much as the explosion forces 
that determine the necessary strength in most high-speed airplane engine 
parts and that therefore such an engine could not be built light enough to 
make it practical. In any case, it is doubtful whether this would give a 
really good solution for flying at 25,000 or 30,000 feet. 

Supercharging, as the term is generally used, means forcing a charge of 
greater volume into the cylinder than that which is normally drawn into 
the cylinders by the suction of the pistons in conventionel internal-com- 
bustion engines. At 25,000 feet altitude less than 25 ])er cent of sea level 
power is delivered. If air is sup])lied to the carburetor at sea level pres- 
sure or approximately 14.7 pounds ])er square inch absolute at high alti- 
tudes the power developed by the engine becomes about the same as when 
operating at sea level. The low atimjspheric pres.sure and density at great 
altitudes offer reduced resistance to high air])lanc si)eeds; hence the same 
power that Avill dri\e a plane at a s])ecd of 120 m.p.h. at sea level will drive 
it much faster at 20,000 feet, and still faster at 30,000 feet altitude, and with 
approximately the same consumption of fuel per horsepozver liour^ providing* 
the area of the aerofoils and pitch of proi)eller are such as needed in the 
thinner air. 

Superchargers usually take the form of a mechanical blower or pump 
and, of course, require a driving gear of some kind. The ty})es of blowers 
or compressors used to date include the reciprocating, Root displacement 
and centrifugal tyi)es. When the Roots type is employed, as shown at Fig. • 
203 A some form of receiver is necessary to equalize the pulsating nature 
of the discharge. This form, when driven by positive gearing, may be 
timed so its greatest pressure may be coincidental with the induction stroke 
of the cylinder. The reciprocating ty])e of pump is only suited for slow 
speed Diesel engines as it is much too heavy for airplane service. 
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The turbo-compressor shown at Fig. 203 B in which an exhaust-driven 
turbine is used for driving the centrifugal compressor, seems at first 
thought to present a practical way of accomplishing the desired purpose. 
The turbo-compressor itself is very simple, as there is only one moving 
part, namely the rotating clement consisting of the turbine wheel and com- 
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Fig. 203. — Simple Diagrams Showing Main Types of Airplane Engine Superchargers. 
A — Root’s Blower, a Positive Displacement Type. B — Exhaust Driven Centrifugal 

Compressor. 

pression impeller. The bearings of this rotating element do not seem to 
wear noticeably and the device imposes very little drag on the engine when 
not being used for super char|:;ing. The turl)o-com]wcssor is also an effec- 
tive exhaust muffler. The difficulty with devices of this character arc due 
to troubles in the turbine caused by the high temperatures of the exhaust 
gases passing through it which affected the strength of the materials com- 
])rising the turbine and resulted in turbine failures. The power obtained 
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from the exhaust gas is not always sufficient to deliver the required vol- 
ume of air, so gear driven forms have been devised. 

Fig. 204 A is a diagram of an impeller, a diffu-ser and a collecting pas- 
sage or scroll. The air enters at the center against vanes designed to re- 
ceive it without shock. At the periidiery of the ini])eller there is a certain 
pressure due to centrifugal force which is about one-half or two-thirds of 
the final pressure. The air at the i)eriphery of the impeller is moving at a 
high velocity also, although velocity is of no particular value because it is 
much higher than th(‘ velocity in the i)ipe which receives the final air. 



Fig. 204. — Types of Centrifugal Compressors. A — Vane Impeller Type. B — General 

Electric Type. 

However, the velocity represents power that has been i)ut into the air, and 
the problem is to transform this ixnver, re])resenied by velocity, into i)ovv'er 
represented by pressure which can Ijc used, ddie dilTuser does this. The 
dirfuser slow’s down the air so that the velocity is decreased and, if this 
process is accom])lished efTectively, a rise in pressure Avill result. In other 
words, at the beginning of the diffuser j)assage the air has a certain pres- 
sure and considerable velocity. It ])asscs through the diffuser, which 
gradually decreases the velocity and increases the pressure. The blower 
portion of a centrifugal com])ressor which will give pressures up to 30 
l)Oiinds is shown at Fig. 204 P». It will be apparent that the impeller meni- 
iier is of entirely different construction than that showui at A. This is the 
General Fdectric type. The compressor having a single inlet is used for 
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smaller volumes hut for large volumes of air, it is necessary to take in air 
at both sides of the impeller. 

Turbo-Superchargers. — The first work on turho-suj^erchargers was done 
by Professor Rateau in France. In 1917, at the suggestion of Dr. Durant, 
the Government selected Dr. S. A. Moss of the General Electric Company 
to develop a similar supercharger in this Country. Dr. Moss designed the 
l"orm-A sui)ercharger which was tested on Pikes Peak, and which was used 
I)y Major Schroeder in making his first world’s altitude record with a 
supercharged airplane. Further development of the turbo-supercharger 
and o[ the present side-type tur])o-supercharger is the work of Govern- 
ment engineers at McCook b'ield, assisted by the manufacturing facilities 
of the fjeneral J'dectric Com])any. The various de\ elopmcmts Avere con- 
ceived at McCook Field, where all the ])ractical testing was carried out, 
and the preliminary drawings were made under the direction of Govern- 
ment engineers. 

The first gear-driven su]>ercharger submitted to tlie Air Service, aside 
b'oin the development work carried out in the American ]tx])editionary 
lAu'ce by M. Lel>lanc and Captain Kerr, was a vane blower by Pense, which 
was not successful. The next was a gear-driven centrifugal-compressor 
designed by 11. E. Morton, of the Pi. F. .Sturtevant Com])any. This super- 
charger was a very interesting design that incorporated an oil clutch to 
reduce the accelei;ati()n load on the im])eller. 

The first gear-driven supercharger of the type now in use was designed 
by McCook h'i(‘ld engineers, and this dcve]o])ment resulted in the present 
geared superchargers of 10,000 and 20,000 feet altitude rating used by the 
.'\ir Service. The General Electric Coin])any then submitted a geared 
supercharger with a double ste])-u]> gear-drive consisting^ of three sets of 
gears momited in plain bronze-bearings. The com])ressor ])art was of con- 
ventional design, but so much troiible was experienced with the geared 
drive that the design was discarded. I'he successful dcvelo])mcnt of 
geared su])ercharg(‘rs was brought eiboiit by the develo])ment of light 
weight aluminum alloys for tlie impellers and by the development of anti- 
friction bearings that Avill operate successfully at s])eeds of 30,000 r.p.m. 
Jveducing the moment of inertia of the moving ])arts is of the utmost im- 
])ortance. 

The original turbo-suj)erchargers had im])ellers made (T steel. When 
the first y\ir Seiw ice gear-dri\en design was made, a similar impeller made 
of forged duralumin Avas used. The next step in lightening the im])eller 
A\xis to scallo]) between the blades. Then, forged magnesium Avas used 
successfully. Although of less strength than forged duralumin, the 
strength-weight ratio is nearly the same, and it is on thi.'> ratio that the 
factor of safety of the impeller de])ends. Eater, an impeller Avas made of 
cast nKigni‘siuni, and this also ])roved am])ly strong. It is evident that it 
will sixm be ])ossible to make im])ellers of die-cast intignesium, recpiiring 
nracticalh no machine Avork to finish. I'he Aluminum CV)m])anv of .Amer- 
ica and the American Magnesium (.'om])any were of great assistance in 
carrying out the (levelo])nient of iin])eller material. Ibill bearings and 
roller bearings continually failed at speeds around 20,(X3() r.]).m.; but, after 
3 years of testing at McCook Field, Avays of mounting and lubricating the 
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bearing’s have been developed so that they have operated more than 200 
hours at speeds above 30,000 r.p.ni. 

Roots Blower. — The Roots blower which was first developed com- 
mercially in 1859 is of the type generally known as the positive displace- 
ment rotary, and consists essentially of two rotors, having two lobes each, 
which are rotated in opposite directions at the same speed within a case 
composed of two halves of a cylinder separated by the center-distance be- 
tween the rotors (see Figs, 203 A and 205). The lobes of one rotor fit 





Fig. 205. — Sectional Views of Root Blower for Liberty Engine Supercharging. 

into the recesses in the mating rotor and are held in correct relation by 
timing-gears located at one end of the rotor shafts. Clearances are main- 
tained at all ])oints between the rotors and l)etvv"ceii the rotors and the case, 
to avoid internal friction and assist in obtaining high mechanical efficiency. 
The contour of the rotors, which arc usually hollow metal castings, is made 
up of sections of epicycloid and hy])ocycloid curves, ami thus, being mathe- 
matically correct for proj^cr mesh, tlic- clearances can be made uniform and 
small. The rotors are mounted on separate shafts, one of which takes the 
main drive; the other is driven through the timing-gears. These shafts 
usually are carried in plain bearings in the commercial types. 

Following its development for commercial use, it has lieen used, both 
for handling liquids and compressing air, in that type of service where it 
was required to deliver relatively large volumes against moderate pressure- 
heads, the economical range, as regards delivery pressures, being arbitrarily 
set at from 8 ounces to 8 iiounds per square inch. Below 8 ounces the 
centrifugal type is usually employed, and above 8 pounds the reciprocating 
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pump or compressor is reg^arded as the more economical for the reason 
that leakage in the Roots type increases and, when handling air, the com- 
pression efficiency decreases with an increase in delivery pressure. The 
commercial compressors, or blowers, usually are operated at rotor-speeds 
up to 800 r.p.m., depending on the size, with the maximum speed of prob- 
ably 850 r.p.m., while those used for supercharging airplane engines have 
been operated at speeds up to 5,000 r.p.m. or over six times normal com- 
mercial speeds. 
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Fig. 205. — Diagram Showing Variation of Rate of Discharge for Root Blower for 
Varying Positions of Rotor Members. 


The Roots comj^rcssor gives a continuous but non-uniform rate of de- 
livery, as represented by the curves of l^'ig. 206. These curves, which show 
the rate of delivery for each rotor and the combined rate for both rotors, 
with no compression, arc drawn for the Roots siijiercharger developed for 
the National Advisory Committee for Aeronautics, the rotors of which are 
not full cycloidal in contour, Rate-of-delivery curves for full-cycloidal 
rotors would be similar. The sectional views at Fig. 205 show an experi- 
mental Roots blower built for the liberty engine. Interesting details are 
the oil-baffle at the rear of the engine; the taj)erpin in the coupling, de- 
signed to shear when subjected to excessive tor([ue and thereby permit 
uninterrupted engine operation in the event of supercharger failure; the 
drive and timing-gears ; the splined rotor-hubs, the tongues of which are 
set into recesses milled in the ends of the rotors and fastened to the rotors 
with screws; the transverse ribs in the rotors to prevent distortion of the 
rotor shell at high speeds ; the thin section of the rotor shell ; and the 
method of locating the rotor in the compression chamber by locating the 
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outer races of the rotor vshaft l^earin^'s. As seen from this illustration, tlic 
rotors are liollow caslin.^s and are driven hy their resj^eetive shafts tlirou,^di 
sidincd steel htihs. The views at h'i^*. 207 shows the external api)earancc 
(jf a Roots hlower at A; with end plate removed to show rotors at H and 
the aiTiUiLC^mient of the drivini;- oeariiif; and rotor drive shafts at C. ddie 
volumetric ethcimcy at 2,800 r.]).m. with rotors 11 inches loiiy- was 08 ]:»cr cent. 
The amount of power consumed hy such a hlower depends ujion the 
method of sujierchar^er out])ul control and the sjiecd of ndor rotations 
a.^’aiiist vary ill”' air ])ressures. For examjile, at an altitude of 16,000 feel, 
with a rotor speed of 2,000 r.ii.m., deliverin*^ 1 ])ound of air per second the 
energy re(juired is about 40 horsej^ower. 








\ 
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Fig. 207. — View at A Shows Root Supercharging Blower Assembly. B — End Plate 
Removed to Show Rotors. C — End Plate and Rotor Drive Gears and Shafts. 


There are three methods of su])ercharger control; that is, varv ing* the 
Sliced of the supercharger to maintain a coiistaiit air weight to the engine, 
maintaining a constant su])ercharger s])eed and hy-passing the excess air 
at low altitudes into the atmos])herc and throttling the intake to the super- 
charger to maintain a constant air weight to the engine. The case is taken 
for the Lil)erty-12 engine operating at 1,600 r.p.m., and the assumj)tion is 
made that the air weight recpiired hy the engine will be the same at all 
altitudes. This assumption is incorrect owing to the fact that the volu- 
metric efficiency of the engine will increase with altitude due to the differ- 
ence in i)ressure between the engine intake and exhaust, and for the reason 
that the increase in tem])erature of the compressed air will reduce the air 
weight that the engine can induct. The assumption is accurate enough, 
however, for comparative i)urposes. The up])er curves of the gra])hic chart 
shown at Fig. 208, reproduced from the S. A. E. Journal give the air weight 
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handled by the supercharger at a constant speed at altitude both for the 
condition of constant inlet temperature and of varying- inlet temperature. 
The intersection of the air weight handled by the sui)ercharger with the 
weight required by the engine establishes what is termed the critical alti- 
tude, or highest altitude at which full pressure can be maintained at the 
carburetor. 

In the lower group of curves it will be seen that, to su]q)ly the engine 
ith a constant air weight, the s]>eed of the supercharger drive shaft, 
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Fig. 208. — Diagrams Showing Power Required for Three Methods of Supercharger 
Control when Root’s Type Blower is Used. 


V, eared 1.5 to 1.0, inu^t be \ aric‘d from OOO rp.m. at mm le\el to l,t)()0 r.]).m. 
:il the critical altitiub*. Tliis gi\es the ideal iiu^tliod of eontiol but is diffi- 
( iilt of atlaiiiiiienl. 1die cur\e inimediatels abo\e rt‘prt‘seut'- the power re- 
quired at a constant drive shaft speed of I, ()()() r.p.ni., by the method of 
by-j)assing, and shows, from the standpoint of jiow'cr rc(jnired, the ap- 
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proach to the ideal; the power required is the same at the critical altitude. 
The extra power required by this method is a direct function of the extra 
volume of air handled and the difference in supercharger friction. The 
temperature of the air supplied to the engine is the same for these two 
methods of control, due to the fact that the air is compressed the same 
amount in both cases. The third method of control, throttling the intake 
to the supercharger, besides being wasteful of powder at the lower altitudes, 
results in excessive heating of the air su])])lied to the engine at low alti- 
tudes. The pow'er required by this method aj)j)roxiniates, in relative units, 
that required by the gear driven centrifugal compressor; and the heating 
of the air in the case of the latter is even greater than w^ould obtain in the 
Roots supercharger under similar conditions. 



Yp^fch 



Fig. 209. — Diagrams Explaining Pitch of Aerial Screw Propeller. 


The following advantages arc advanced by ])roi)oncnls of the Roots 
blower for supercharging ])urposes. It can be l)uilt in sizes and o])crated 
at speeds that make it suital)le for aeronautic use. It has a high efficiency 
even in small, high-speed sizes. Its characteristic fluctuating discharge 
can be taken care of in installation and is not detrimental to engine opera- 
tion. It is simple and rugged in construction. The engine can be ojierated 
as a normal engine by leaving the by-i)ass control oi)cn. There is no need 
of clutch control or change-over valves. The temperature of the discharged 
air is lower, for the same degree of coni])ression, than when delivered by a 
centrifugal com])ression. Due to its relatively low-s])eed of operation, this 
being from one-tenth to one-fifth the s])eed of a centrifugal compressor, 
extreme care in balancing is not needed, air friction losses are small, the 
speeds of rotation are well wn’thin the range of ball bearings wdth normal 
installation and lubrication and the gear drive problem, introduced by con- 
ditions of rai)id acceleration, is not as serious as in the very high-speed 
types. This form has the disadvantage of greater bulk and weight than 
a centrifugal supercharger of ec[ual capacity. 

The advantages obtained by installing su])erchargers arc not obtained 
wdthout some disadvantages. The w^eight and mechanical complication of 
the power plant is increased, it being stated that a supercharger installa- 
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lion suitable for an engine weighing 850 pounds and delivering 600 horse- 
power will augment the weight by 150 jjounds. Then one must consider 
the power required by a supercharger. That used on Liberty and similar 
engines, regardless of type require from 30 to 60 horsepower, depending 
upon variable operating conditions. Despite these disadvantages, the use 
of a supercharger is the best method of attaining high altitudes without 
using engines of great excess power when operated at sea level. With this 
in mind, tests have shown that the indicated absolute ceiling, with full 
supercharging maintained to 20,800 feet, has been increased about 92 per 
cent, the service ceiling about 100 per cent, and the time to climb 16,000 
feet reduced from 32 to 19 minutes. 


QUESTIONS FOR REVIEW 

1. Describe oil temperature control system ami its advantages. 

2. What is an “inertia" starter and how does it work? 

3. Describe electric starting means for aircraft engines. 

4. Outline difference between gas and compressed air starters. 

5. Describe fuel supply systems of modern airplanes. 

6. What arc the disadvantages of pressure feed by compressing air in the fuel tank? 

7. Describe typical airplane engine carburetor. 

8. How is compensation obtained in carburetors for different altitudes? 

9. What is a supercharger and what does it do? How is a supercharger controlled? 

10. What is the difference between a turbo-supercharger and a Roots blower? 
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AIRCRAFT PROPELLER CONSTRUCTION AND ACTION 

Principle of the Screw — When Screw Works in Air — Mathematical Consideration of 
Propeller Pitch — Theories of Screw Propeller Action, Disc Theory — The Blade 
Theory — Propeller Definitions — Wood Propeller Manufacturing Practice — Propel- 
ler Made of Laminations — Shaping the Blades — How Wooden Propellers are 
Balanced — Propeller Storage and Maintenance — Mounting Propellers — Fitting 
New Hub to Shaft — Wood Propellers of Thin Laminations — Bakelite Propellers — 
How Bakelite Propellers are Made — Tests of Bakelite Propellers — Difficulties 
with Wood Propellers— Wood Propeller Tip Protection— Table XIX, Centri- 
fugal Force of 1 Sq. Inch of Sheet Copper for Various Weights, Radial Dis- 
tances and Revolutions Per Minute — Pigskin Tips — Fabric Tips — Metal Propel- 
lers — Leitner-Watts Steel Propeller — Screw Overlap in Multi-Engine Types — 
Variable Pitch Propellers— The Dicks Propeller — Levasseur Propeller — Hart and 
Eustis Variable Propeller — Epicycle Airplane Propeller Drive Gears — Universal 
Adjustable and Reversible Propeller — Features Reed Duralumin Propeller. 

The principle of the screw was a])plicfl ])y Archimedes, the Grecian 
inatheinatician, in ralsinf>’ water as early as 200 a., c.,.and the screw or 
helical rotating^ propeller has been associated with ]wo])osed methods for 
the propulsion of aerial craft for four or five centuries by inventors who 
had the'g^enius of cence])tion but who were handica])])ed by not having^ a 
lig'ht and powerful eng'ine, as we have today to drive their ])ropellers. The 
orig^inal screw ])rQpclIer was of the sinctle Avorm type, having^ but one 
thread, and could hardly be compared with the jjresent form. That we may 
])roperly appreciate the functions of the screw ])rc)])eller we have an ex- 
cellent demonstration of the principles involved in the bolt and nut, with 
Avhich all arc familiar. 

Principle of the Screw. — A screw is a cylinder having' a spiral ridge or 
thread around it, which cuts at a constant oblique angle all the lines of a 
surface parallel to the axis of the cylinder. A hollow cylinder, called a nut, 
having a similar sjjiral Avithin it is fitted to move freely u])ou the thread of 
the solid cylimler as shown at ]'"ig. 20^) A. For simidicity Ave will consider 
that there are four ridges or threads to the inch. Obviously, if the nut Avas 
held stationary, in four com])lete turns the scrcAv would advance or recede 
an inch if the scrcAV Avere turned toward the right or left. On the other 
hand, Ave Avill assume that the nut is so held that it can travel only back 
and forth and not around Avhen the screw is turned. Four complete turns 
of the screw Avould i)roducc a movement of one inch, one complete turn 
Avould move the nut one-quarter inch. This distance is the ])itch of the 
screw, as the definition is: The pitch of a screw is the distance through” 
which the scrcAv would advance in one rcAailution, provided that it revolved 
in an unyielding medium, ,such as a solid nut. 

]t Avill be evident that if the thread of the bolt were of such depth to 
offer sufficient area that consideralde resistance Avuuld be offerecl to its 
iiacking in or coming out f)f a more flexible medium in Avhich tlie bolt was 
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submcrg-ed, such as water, that the water surrounding the threads would 
act to a certain extent as a nut, and assuming erroneously for simplicity of 
explanation that this did not move either backward or forward, as would 
be the case were the nut of resisting material held immovable, it may be 
seen that revolving the bolt would tend to exert a thrust which would 
produce cither forward or reverse movement of the l)olt. This is the i)rin- 
ci])lc of the screw pro])cllcr whether it operates in air or a denser medium, 
such as water. The less the density of the lluid in which the ])ropeller is 
submerged, the greater the area of blade or thread siirfe.ee necessary to 
exert the same thrust. 



Fig. 209 A. — Direction of Turning when Priming Engine Fitted with Aerial Screw that 
Turns Left Hand, or Anti-clockwise, when Viewed from Front of Airplane. If Con- 
sidered from Viewpoint of Pilot, this Would Be a Right-Hand Screw. 

If the screw is mounted m such a way that it is continuously revolved, 
it will jirodiice a eonlinuous moxement. luir instance, assuming that the 
l)olt has a jiiteh of one inch and that it worked in an elastic medium less 
resistant than solid siihstances of which nuts are usually made: As it is 
turned there would he two (dTecls : the holt wtuild mo\ e forward, and the 
Iluid in which it turned would he ])iished backward. > 14uis the effect of 
screw ])r()])eller w«)uld he duplicaled. Decause turning the holt jiushcd 
hack the elastic suhstance in which it was submerged as well as producing 
forward moN'ement of the bolt, it would not advance as iiuicli j)er revolution 
as tliough it were working in an unyielding mcdiniii; for instance, wdiilc 
the pitch was one inch, and theoretically considered, the bolt or screw 
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should move forward a distance corresponding to the pitchy because of the 
reaction, the degree of movement which actually takes place would be 
considerably reduced. 

For considerations of balance, an aerial propeller is not based on the 
design of a single thread screw but on a double, triple or quadruple thread 
type, depending on the niiinber of blades. The two blade type is the most 
popular though three and four blade aerial screws are employed with geared 
engines when propeller speed is relatively low and great thrust is required 
within limited effective diameter. 

When Screw Works in Air. — In the case of a screw working in air, 
however, we are concerned with very different conditions from those found 
in a rigid combination such as we have just instanced. Air is a highly rare- 
fied medium, the density being only one eight-hundredth that of water, 
and one six-thousandth that of steel. A per j a t fluid is one whose molecules 
are perfectly free to move over one another with the slightest disturbing 
force — and air approaches very near to such an ideal fluid. With a screw 
working in such an elastic and accommodating medium it will not be sur- 
prising to find a certain amount of air slip beneath the blades so that the 
space covered per revolution is always something less than that repre- 
sented by the geometric projjortions of the screw blade. (See Fig. 209 B.) 
The axial space covered by a propeller for the incoming air is given an 
added velocity in passing through the propeller disc. , At zero slip no 
aditional velocity and no rearward momentum is imparted to the incoming 
air stream, and as a consequence the thrust will be zero and there will be 
no true 'wake stream beyond that due to skin friction. The advance per 
revolution at which no thrust is obtained is termed the mean experimental 
pitch or rcro thrust pitch of the i)ropellcr. It is a value found experimentally 
by artificially driving the screw through the air at increasing velocities till 
the point is reached at which there is no thrust. The experiment is usually 
done on a large whirling arm or in a wind tunnel, but an approximate value 
can be found quite easily by i)!acing the estimated no-lift line on the blade 
section at two-thirds full diameter, this being at, or near, the center of 
pressure of the blade. Its value will vary slightly along the blade, but a 
very good approximation to the ex])erimental value may be found by taking 
the section thus defined as a criterion. 

Mathematical Consideration of Propeller Pitch. — The geometrical blade 
pitch face is the aerial s])an of one twist of a helical line of constant angu- 
larity and radius; each revolution is termed its main-effective pitih. It is a 
function of the thrust of any instant and varies with each maneuver of the 
pilot. Thus, under climbing conditions, the effective ])itch may drop SO 
per cent of its value in level flight, the slip, of course, increasing at the 
same rate. An analogous case may be found in the slip of an ordinary bolt 
and nut, as often happens in driving against a heavy load. In the case of 
the air screw, however, the thrust is obtained by reason of the slip of air 
under the blades, so, equal to that at the section taken. Tdie fact that only 
a small fraction of a complete twukst actually exists in the aerial propeller 
does not affect the argument as the pitch is quite inde])endent of the blade 
width, but is a function only of the angle and radius of rotation. It usually 
varies along the blade and in most cases gets greater towards the boss, so 
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that the blade face^ is not part of a true helix. It is necessary, then, to state 
precisely the section at which measurement is to be made. The general 
rule is to take the blade angle at two-thirds full propeller diameter as a 
basis for calculation. The value so found is the blade pitch, or simply the 
pitch, as ordinarily referred to by propeller makers and dealers, and it is the 
figure stamped on the boss. It is very important to remember that this is 
a purely geometrical quantity, depending only on the angles and propor- 
tions of the blade, and is not connected in any precise way with the effec- 
tive pitch or mean experimental pitch. 



Fig. 210. — Diagram Showing Some Points of Aerial Screw Design Considered 

Mathematically, 

'J'he following is a key to the syml)o]s used in tlie illustration. Fig. 210: 

V" --- translational velocity (ft. ])er sec.). 

Vj z= inflow velocity forward of blades. 

“ additional velocity rearwards. 

Vg nz: slip velocity. 

D nz full diameter of i)rop. 

(1 diameter at any section, 
n izz number of revolutions per second. 

a = angle of attack between no-lift line* and direction of relative wind. 
O “ helix angle of relative incoming air. 

A blade — face angle at any section. 

V 

T^'o — mean-effective pitch = — . 

n 

Po =: exi)erimeiital mean pitch or zero thrust pitch, 

Pi blade face pitch =: 2/3 D tan A. 
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Propellers arc made in two-, three- and four-blade types, the former 
being the most popular. In order to hold down or utilize the full powei 
of a large engine, it is sometimes necessary to use a three- or four-blade 
type because a two-blade form, suitable to absorl) the power, would need 
excessive pitch or diameter. A two-blade is the most desirable as it is the 
easiest to build and balance and the most efficient at high rotative speeds. 

Theories of Screw Propeller Action. — The many theories regarding the 
principles whicli govern ])ro])el]er action may be grouped in either of two 
classes. To the first may be assigned those which consider the action of 
the screw upon the medium in which it is submerged, anti from the move- 
ment of the elastic medium deduce the reaction upon the pro])eller. To the 
second class belong the theories which ct)nsider only the action of the 
medium upon the i)ropelIer. 



Fig. 211.-;;-How Propeller Blade is Shaped at Various Stations Along Blade. Note 
Aerofoil Section at Different Points and Lessened Angle of Incidence as the Tip is 

Approached. 

The ‘Misc” theory is a notable example of the first class, and considers 
that the i)ro])eller (lisi)laces a quantity of the medium in which it turns 
ecpial to the propeller diameter, and that given a definite amount of fluid 
having a certain change of \ elocity impressed upon it, the reaction result- 
ing can a])parently be calculated at once from the known density of the 
fluid, dliis method would possess a beautiful simplicity if we knew the 
exact effect of a proi)eller upon the fluid it passes through, and if the pro- 
l)ellcr blades were friclioiilcss. Some authorities have assumed that a screw 
propeller gave to a column of fluid having a sectional area equal to the disc 
swept by the pro])eller a sternward velocity corresponding to the slij), but 
it would ap])ear that in theories of the first class a change of ])res‘^urc of the 
medium in nioti(in is of just as much importance as a mere consideration of 
change of velocity of the fluid acted upon. 

The Blade Theory. — In the “blade’' theory, typical of the second class, 
the face of the propeller blade is treated as if it were made up of a number 
of small inclined i)lanes advancing through the fluid, and it is this hypothe- 
sis that most authorities seem t>* favor. As will be obvious, if the blade 
surface were treated as an inclined plane, the medium could be considered 
as imi)Osing a thrust u])on the surface which would vary with the density of the 
medium and the angle of inclination of the plane as the blade moved through it. 
Desj)ite the variance of theories it is evident they all bring out the same fact, and 
that is, that rotation of a screw in a .suitable medium will produce movement of 
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l)oth screw and fluid in which it is submerged. If the screw is held so that 
it can move only in a rotary direction the column of fluid it sets in motion 
will only move. If the screw is operating in an immovable medium, the 
screw will move in a direction ])ar.'illcd to its longitudinal axis. If both 
screw and fluid arc free to move, the degree of movement will depend upon 
the '‘slip” between the screw and the medium in which it works. 

Propeller Definitions. — ?>cfore considering the constructional features 
of propellers used for the j)ropulsion of aerial craft, it will be well to give 
some brief definitions. A right-hand propeller is one that when viewed 
from the rear, turns with the hands of a watch when driving the machine 
to which it is fitted ahead. Under similar circumstances a left-hand pro- 
peller turns against the hands of a watch to produce forward movement. 
If a right-hand ])ropeller is turned toward the left, the effect will be to 
l)roduce a reverse movement of the object to which it is a])])licd. The 
“face'* of a blade is the practically straight back surface, that which drives 
the fluid back Avhile the scrcAv is g(dng ahead. The “back” of the blade is 
the side opiM)site the face, and care must be taken to avoid confusion of 
terms, from the fact that the “face” of a blade is aft and the “back” forward. 
The back of the blade is usually a cambered surface, as shown at Fig. 211. 

“The leading edge” of a blade is the edge which cuts the fluid first when 
the screw is turning ahead, while the “following edge” is oi)i)osite the lead- 
ing edge. The “leading edge” is usually curved more than the “following 
edge.” The “diameter” of a screw is the diameter of the circle described by 
the tips of the blades. In symmetrical two- and four-bladed screws it is 
simply the distance from the “tip” or outermost part of one blade tb that of 
the op])osite member. The “])itch” at a given point of the face is the dis- 
tance from the axis of the shaft A\hich an elementary area of the face at the 
jioint, if attached by a rigid radius to the axis, would move during one 
revolution, if working in a solid fixed nut or non-resilient medium. The 
pitch may be different at every ])oint of the face. If it is the same at all 
]>oints Ave say that the ])itcli is “uniform.” If the ])itch is greater along the 
foIloAving than the leading edge, it is said that the ])itch “increases axially,” 
and if it groAvs greater as Ave leave the center \vc .say the ])itch “increases 
radially.” 

The “area” or “developed area” of a blade is the surface of its face, and 
the “blade area” of a screw, sometimes called its “helicoidal area,” is the 
amount of face surface of all its blades. The “disc area” of a jua^peller is 
the area of a circle described by the tips of its blades. The “boss” of a 
sercAV is the cylindrical center to Avhich the blades are attached, and the 
“hub” is the metal clamjA by which it is attached to the revolving driving 
shaft. When a jiropeller is Avorking Avith “sli])” it advances during each 
revolution a distance less than the pilch, the difference between its actual 
ad\^ance and the pitch indicates the amount of sli]). The “speed” of the 
sercAV is the distance it Avould adA'aiice in a unit of time, sup] losing it to be 
working in a solid nut. This is obviously ecpial to the ])itch of the screw 
multiplied by the number of revolutions per unit of time. 

The empirical rule that is folloAved usually in designing cither aawxI or 
metal propellers having tAVf) blades for use in air is as follows: The di- 
ameter should be as large as jiossible eomjiatiblc Avith the limits of design; 
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the blade area should be from 10 to 15 per cent that of the area swept; the 
pitch should be approximately four-fifths the diameter, and the speed of 
rotation should be low, not more than 1,800 revolutions per minute. As the 
speed of rotation is increased, the diameter must be reduced. Maximum 
thrust effort will be obtained with large diameter and low speed. Here- 
tofore, when the speeds of the propeller and of the airplane were both 
relatively low, reasonaldy good propeller efficiency was secured, at least 
75 per cent being common. With the present trend of development, ex- 
cept in the case of high-speed airplanes, propeller efficiency is often poor, 
and sometimes considerably less than 75 per cent. This is a serious situa- 
tion that can be corrected to some extent by proper propeller reduction 
gears; it is probable that variable-speed gears for propeller drive will be 
used in the future, particularly with supercharged engines, though this 
will introduce undesirable weight and mechanical complications. Metal 
propellers of small diameter have been run at speeds ranging from 3,000 to 
3,500 revolutions per minute on high-speed direct drive engines of the 
Bristol Cherub type. 




'^OaugeBbeks Laminationsc^reSetforGluing 



Copper Vp' 


Fig. 212. — How Laminations are Glued Together to Make Block from which Pro- 
peller is Formed. 


Wood Propeller Manufacturing Practice. — Airplane propellers were 
usually made of wood because this material is the one that has the greatest 
strength in proportion to its weight and has been found to be the best 
adapted because it is easily worked. Commonly used woods in American 
manufacturing practice are Honduras mahogany, birch and white oak. 
Spruce, maple, cherry, ash and poplar are sometimes used. Fmglish prac- 
tice favors mahogany and black walnut, their preference seeming to be 
for the latter. Spruce is used for the manufacture of propellers for small 
engines to some extent. This wood has the advantages of being light and 
strong, as well as easy to glue, and climatic conditions do not affect it un- 
duly. This wood is seldom used in propellers for engines of more than 60 
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horsepower. Propellers to absorb 100 horsepow'er have been successfully 
made with alternate laminations of maple and spruce, with the layers so 
arranged that the hard wood comes on the outside to better resist the com- 
pressive effect of the metal hub plates and flange. 

Mahogany is comparatively light and is not difficult to glue. It is a 
soft wood, however, and easily marred. Quarter-sawed white oak has a 
high tensile strength, but unless absolutely dry stock is used some trouble 
will be encountered with the glued joints. The reason the quarter-sawed is 
used in preference to the plain oak is that the latter is apt to develop season 
cracks. In propellers for engines of 200 horsepower or more, birch has been 



used very successfully because it is tough and strong in resisting tensile 
strain and is not unduly heavy. Its disadvantages are that it is affected 
easily by changes of weather and will warp or check, especially when thin 
sections arc used. For extreme climatic conditions, such as encountered 
on the Mexican border, mahogany or poplar has given good satisfaction. 
Ash is not recommended if mahogany or walnut is obtainable, because it 
is difficult to laminate it or work it on account of its tendency to splinter. 
Quartered white oak is an excellent material for use in connection with 
propellers for large engines. 

Propeller Made of Laminations. — Any airplane propeller, except the 
very small ones used for operating fuel feed pumps, electric dynamos for 
radio, etc., is made up of a number of laminations. In the early days, air- 
plane propellers were made from a solid piece of timber, but this practice 
was discontinued on account of the difficulty in keeping these in condition. 
A laminated propeller will not warp or draw out of sha]K‘ as quickly as a 
one-piece propeller will. Each lamination is balanced separately, and as 
the block from which the propeller is to be shaped is built up in the press 
it is customary to lay the heavy end of one ply alongside the light end of 
the next layer and in this way a fairly well-balanced propeller blank is obtained. 
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There are two method's of gluing up the laminations. Straight material 
may be glued into a rectangular block and roughly band-sawed out to shape, 
or it may be made of laminations that have been sawed, rough bored and 
aligned for pitch by means of templets as shown at Fig. 212. The best 
care is taken in the gluing process, and good hide glue to which various 
chemicals are added for water-proofing purposes is used. Needless to say, 
the wood must be absolute!}' dry before gluing, and the laminations must 
be firmly clamped together in a powerful press while the glue is setting. 



Fig. 214. — Installation of Direct Driven Tractor Screw which Turns at Engine Speed. 
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Shaping the Blades, — There are various methods of shaping the pro- 
peller blades, and a number of ingenious machines have been developed to 
do this work. The machine commonly used is a duplicating lathe, as shown 
at Fig. 213, which is a modified form of axe-handle machine. A model 
propeller is used over which the cam that regulates the travel of the cutters 
operates, and this shapes out the ])ropeller to nearly its finished dimensions. 
After this roughing out j^rocess, the propellers are hung along a wall or 
stored in special rooms for a few weeks so that the wood may adjust itself 
to its new sha])e and take a final set. The finishing is done l)y bench 
workers who work the blades to size with draw knives, spoke shavers, small 
planes, wood ras])s and hand scra])ers, checking their work frecpiently with 
templates. 



Fig. 215.— Propeller Hub of German Design is of Light but Strong Construction. 


After the ])ropeller is finished, it is carefully sand-])apere(l and polished, 
the bore is reamed to fit the hub and the finished pro])eller is tested for 
balance and alignment. A high-grade piano finish is ])ut on in the finishing 
department, where a coat of wood filler is applied and well ruhhed down, 
this being followed hy the ap])licatinn of three coals of water-proof spar 
varnish. Some ]iroi)cilers arc tipped with sheet metal, which tii)S are se- 
curely riveted into i)lace in order to strengthen the thin propeller Made at 
the point, and also to reduce the danger of siditling. Sometimes ])ro])ellcr 
blades are covered with a layer of nir])lanc linen, whieli is stretched tightly 
over the lips and given three or four coats of ‘Moi)e,'' which shrinks it 
tightly and makes it stick to the blade. The balance of a ])ro])eller should 
always be checked after tipping. 

How Propellers are Balanced. — A propeller is l)alanccd by the simple 
fixture comprising a stand, as at Fig. 216 A and Fig’. 217, having a pair 
of straight edges winch support the mandrel and which are carried high 
enough to allow the propeller to rotate clear of the floor. The supports 
should he adjustable so they can be accurately leveled. A propeller should 
balance in any position in which it is ])laced, i.c., it should not rock back and 
forth or move when it has been placed in any position. Endeavor is always 
made to balance ])ropelIcrs in a room free from air currents. Each blade 
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should be balanced in vertical, horizontal and 45 deg;rees each side of the 
vertical position. The entire propeller should be rotated so that each blade 
will receive both top and bottom position. If a propeller does not balance, 
it is usually because there is more wood on one side than on the other. 
Copper-tipped propellers are easily balanced by peening in the soft metal, 
filling the depression with solder and scraping off the surplus metal until 
the proper degree of balance is obtained. Untipped propellers are balanced 
by removing the surplus material. This is always done by taking wood 
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Fig. 216 . — How Propellers are Tested for Balance and Blades Checked for Pitch at 

Various Stations. 
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from the back of the blade, and extreme care is necessary not to destroy the 
contour of the section. Sometimes, small plugs of metal are used in the hub 
to afford balance. 

Propeller Storage and Maintenance. — After the propeller is balanced, it 
is stored away, in a special room where the atmospheric conditions as re- 
gards humidity are carefully regulated, until needed. Before being used, it 
is customary to check the pitch 
of each blade to make sure that 
it is the same at similar stations. 

A station is merely a point on 
the blade at intervals of six 
inches from the hub center. 

The blades are checked with a 
bevel protractor which gives the 
angle, or by the use of two 
squares, in which case accurate 
measurements are taken. A cast 
iron surface plate, accurately 
l)laned, is used for this purpose, 
as it is necessary to have a true 
surface to make accurate com- 
parisons possibh;. When a 
l)evel protractor is used, the 
pitch should not vary more than 
a quarter of a degree. It is im- 
])ortant that both propeller 
i>lades be the same length in or- 
der to secure a well-balanced 
job. As propellers are designed 
the pitch is not the same at each 
station, so in checking iq) the 
same station is chosen on each 
side of the Idade, generally at 
the widest portion, and the 
measurements taken at that 
point. 

Propeller maintenance is an 
important point to consider. 

Propellers should be cleaned and 
])olished with shellac and oil at 
the conclusion of each day's fly- 
ing. The polish is composed of 
about six parts of shellac to one 
of linseed oil, which is a])plied 
to the propeller with a cloth and 
vigorously rubbed to a glassy 
finish with a piece of cheese- 
cloth. If the machine is to stand out in the sun or weather for any length of 
time, the propeller should be covered with a canvas cloth or with especially 



Fig. 217. — Stand for Balancing Propellers. 
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made boot to fit it. This prevents checking of the wood and warping or 
blistering of varnish due to the heat. As long as the finish is properly 
maintained, the propeller is not apt to absorl) moisture. A working draw- 
ing showing a wood propeller suitable for use with Liberty engines is 
shown at Fig. 221 and the varying sections of the blade at diflferent stations 
may be readily determined. 



Fig. 218. — Propeller Driven at Slower Speed than Engine by Reduction Gearing. 

Mounting Propellers. — In mounting ])r(^])ellers, great rare should be 
taken that l)oth blades rotate in the same ])lane. ddiis is lermorl the “traek’^ 
of the ])ropellcr and may l)e cheeked as shown in Fig. 222 A. xMeasure the 
distance from the edge of one blade to some fixed point on the ])lane. This 
measurement should be made in a line parallel Avith the center line of the 
crankshaft. Now turn the projieller through 1X0 degrees or one-half revo- 
lution and measure the other blade in the .same manner and the same dis- 
tance from the center. The variatkm should not exceed Ls inch. The 
propeller can be trued up as to track by shimming between the hub flange 
and propeller with paper or, in extreme cases, by dressing ()ff the face of 
the propeller where it comes in contact with the hub flange. 

The pitch of both blades should be checked with a protractor and level 
as shown in Fig. 222 Ik r>oth blades should be checked at the same dis- 
tance from the center of the j)ropeller, or about two-thirds of the distance 
from center to tip. 'bhe dilTercnce in ])itch between the two blades must 
not exceed 1/16 inch in nine inches. Variation in pitch can be corrected 
in the same manner as error in track, i.e., by shimming or by dressing off 
the propeller. 
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’ The fitting of the propeller hub and method of removing it are shown 
at Fig. 223. To take the hub off of the shaft, when the design is as shown 
in illustration, the first step is to remove wire lock ring from the lock nut, 
and screw the lock nut from the hub and then unscrew the retaining nut 
entirel}' out of the huh. Oil the threads of both liberally. Screw in the 
retaining nut as far as it will go, then back it out five turns. Screw in the 
lock nut until it touches the shoulder on the retaining nut. Continue to 
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done by cleaning off the large end and lubricating it with light machine oil 
and apply the abrasive only to the small end of the taper. Check the 
progress of the work by washing off the oil and abrasive occasionally and 
by testing the fit with Prussian blue. The final result should be reached 
when the color will spread thin at the large end but remain heavy at the 
small end of the taper. 

To mount the hub, insert it in boiling water for two or three minutes to 
heat it and expand the bore slightly, then tap it lightly in place on the 
shaft after the key has been put in place and immediately apply the retain- 
ing nut and screw it tightly in place. Then apply the lock nut by screw- 
ing it into the shaft until it bears against the flange on the retaining nut. 
Apply the lock wire, being sure the tongue is long enough to project 
through both nuts. Be sure there is a clearance of at least .010 inch be- 
tween the top of the key and the bottom of the keyvvay in the hub. 


1 Bati f Drive dear 
hBeanng i 
\ i Thrust 

I (Bearing 



Fig. 220. — Sectional View of Airplane Engine Having Reduction Gear Drive for 
Propeller. Engine Runs at 2000 R. P. M. in Order to Develop Maximum Power; 
Aerial Screw Turns at 1500 R. P. M. for Greatest Efficiency. 


Wood Propellers of Thin Laminations. — The process of wood propeller 
construction previously described called for relatively thick wood lamina- 
tions, glued together and held in a press while the glue set. The lamina- 
tions are perfectly flat and the blade -contour is given by the forming or 
machining process after the blank is completed. 

The DeGrandeville system of manufacturing wooden propellers, de- 
veloped by a Frenchman of that name, differs from the conventional 
method of construction in the use of much thinner laminations and in the 
twisting of the built up laminations to approximately the pitch angle of the 
finished propeller and then gluing them together while clamped in this 
shape. The method is illustrated in Fig. 224. The view at A shows the 
laminations that will form the blank before they are twisted. The twisted 
blank in the clamps is shown at B and the appearance of the blank with 



Engine Side .C ,c Center Line ,Lme of fhints’'B 



■Working Drawing of Wood Propeller Suitable for Liberty Engine of 400 Horsepower, Showing Dimenmons and Sections 

of Blade at Various Stations. 
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Fig. 222. — Drawing at A Shows Method of Testing Propeller for Track. Use of Bevel 
Protractor Depicted at B for Testing Pitch of Blades. 

the upper clanij) blocks removed is sliown at C. The blank removed from 
the clamps is shown at D, the finished pro])eller with tips at E and Avithout 
the tips at F. 

Several advantages arc claimed for this construction. It is said to be 
stronger, due to the fact that the two laminations nearest the pitch face of 
the propeller are i)ractically continuous and parallel to the pitch face. 
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The usual practice is to make these two laminations of walnut, and to use 
some other less expensive or more easily procurable wood for the remain- 
ing laminations. It is possible to use in this system wood which would 
not be quite up to the standard required for the usual method of propeller 
manufacture. This fact alone is of a great deal of importance in view of 
the difficulty of obtaining perfect lumber. 

The DeGrandeville system is certainly more economical of wood than 
the older and more usual method. There are two reasons for this. In the 
first place, the thinner strips of wood used for the laminations in the De- 
Grandeville system frequently can be obtained from pieces of timber which 
would not contain enough perfect wood to provide an equal quantity of 
material for the older system of propeller manufacture. Secondly, due to 



Fig, 224. — Outlining Steps in Constructing Wood Propellers by the De Grandeville 
System. Laminations before Bending Shown at A. B — Laminations Clamped for 
Bending. C — Bent Glued Blank with Clamps Partly Removed. D — Bent Blank 
before Shaping. E and F — Completed Propellers. 


the use of a larger number of thinner laminations in the DeGrandeville 
system and to the fact that they are placed more nearly parallel to the pitch 
angle of the propeller blades, it is possible to cut the individual laminations 
to a shape more nearly approximating that o£ the finished propeller. (See 
Fig. 224 D.) This not only saves material, but is also a factor in reducing 
the time of manufacture by cutting down the amount of excess wood which 
must be removed in the first rough cutting process. 

A thin strip or sheet of pigskin is wrapped around the end of the pro- 
peller blade, smoothed down carefully and glued in place in the usual 
manner. This forms a very simple method of tipping the blades, and it is 
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claimed that propellers tipped in this way are given adequate protection 
against chipping or breaking through impact with sand, gravel, water or 
other obstructions encountered in landing. This tipping is so simple and 
inexpensive that the French Government some time ago decided to tip all 
propeller blades in this manner for land machines as well as for flying 
boats and seaplanes. 

Bakelite Propellers. — A composition material known as Bakelite, after 
its inventor, Dr. Bakeland, has been used for airplane propellers. While 
this substance was primarily intended for electrical purposes because of its 
insulating properties, it was found to possess considerable strength and it 
has been used for various automotive parts such as timing-gears. Bakelite 
is derived from the combination of carbolic acid, cresol or phenol and 
formalydehydc to form a resin easily aifccted by heat or solvents. When 
subjected to comljincd heat and ])ressure, the material becomes hard and is 
not affected by ordinary solvents or temperatures. Two methods of uti- 



Fig. 225. — Bakelite Propeller Shown at A. B — Section of Blade Showing Bakelite 
Micarta Sheets of which it is Composed and Piano Wire Molded in to Strengthen 
Leading Edge. C — How Driving Key way is cut Directly into the Propeller Hub 
which is Strong Enough to be Seated Directly on Taper Shaft. 

lizing bakelite commercially are followed. In one, the material in its res- 
inous form is combined with a filler such as wood fibre or flour and to mold 
it in accurately formed steel molds. The other method is to coat craft 
paper, cotton or duck or similar materials with the bakelite in liquid form 
and then pressing these sheets together to form solid blocks known as 
micarta. It is of micarta that propellers arc made and such are impe^jvious 
to moisture, which is a destructive enemy of wood. Micarta propellers are 
more uniform in structure than wood and almost as strong as wood pro- 
pellers. Bakelite-micarta, when properly formed and hardened by com- 
bined heat and pressure is harder, stronger and more glass-like than any 
other material of organic origin. It is stated that micarta is heavier than 
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wood but that this is offset to some extent by the fact that the material is 
sufficiently resistant so it does not need a metal hub as wood propellers do 
and can l)e mounted directly on the engine shaft. 

Perhai)s one of the strongest points in favor of micarta as a propeller 
material is the fact that propellers can be built much more quickly by this 
method than by making wood propellers in the usual way. Moreover, all 
of the micarta propellers, as shown at Fig. 225 A made from the same mold 
will be exact duplicates of one another and will be practically finished when 
they leave the molds, requiring only balancing and slight tuning up before 
they can be ])Ut intr' service. From a jirodiiction standpoint, therefore, 
micarta pro])ellcrs are much to be preferred to wood projiellers made in 



Fig. 226. — Proper and Improper Locations of Balancing Plugs in, Bakelite Propellers. 


the usual way, provided that the two types arc equal in other respects. 
By incorjiorating wire reinforcements in the leading edge of a micarta pro- 
peller as shown at Fig. 225 B the virtual center of gravity may be moved 
forward slightly, which, of course, is not possible with a ]>ro])clIer made of 
wood or (jther homogeneous material. By locating the center of gravity 
slightly nearer the leading edge than the center of ])ressure, it is j)ossible 
to provide a self-adjusting jiitch feature, due to the elasticity of the mi- 
carta construction. The effect of locating the center of gravity forward of 
the center of ])ressure is to cause the propeller blade to llatten out slightly 
under heavy load, and thus decrease the ])itch to a certain extent when 
climbing, while the pitch will automatically increase again under lighter 
load. 

How Bakelite Propellers Are Made. — The most satisfactory method of 
making micarta propellers has l>een found to be to press together tightly 
five or six sheets of cloth or paper impregnated with bakelite, forming a 
board. The boards thus formed are then sawed out in the shape of propeller 
laminations in exactly the same way that the laminations of wood propellers 
are cut out. About 175 such laminations are used in the manufacture of a 
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propeller 4 inches deep at the hub. These laminations are laid in the mold 
and the plunger of the mold is inserted and brought down to. press the 
material into the final shape of the propeller. For this Avork a large press 
with a capacity of about 1,000 tons is required. While the material is in the 
press, it is heated by means of steam coils to a temperature of about 350 
degrees fahrenheit and the combination of pressure and heat first cements 
and then congeals the l)akclized material into a solid mass. This process 
requires from 3 to 4 hours. 

It should be mentioned that the forms or molds are machined very 
accurately, so that the plunger just fits into the main body of the mold and 
when the plunger goes down to the bottom of its stroke, the hole in the 
mold is of the exact sha[)e and size of the finished ])r()pcller. A propeller 
miade in this manner will have a smooth, highly ])olished surface, depend- 
ing, of course, on the finish of the interior of the mold. After removal from 
the mold, the propeller must ]:)c bored true and key-slotted at the hub hole 
as shown at Fig. 225 C and balanced, and is then ready for installation on 
the plane. A second method of laminating consists in twisting the la 3 ^ers 
in a manner similar to the DeCrandeville system of building wood pro- 
pellers. 

Micarta proj)cllers are balanced in i)ractically the same way as wooden 
l)ropellers. In inserting balancing ])lugs however, it is important that they 
he located ])roperly as there are one or two locations which would Aveaken 
the hub of the propeller considerably and might cause failure. Fig. 226 
shows the i)roi)er method of inserting balancing i)lugs in the i)roi)eller in 
case a ])lug is required in a line perpendicular to the longitudinal axis of 
the propeller. In such a case, instead of inserting one plug at the point 
required, two small plugs should be used, one on either side of the per- 
})endicular axis re])rcsented by the line MN. The smaller ])lugs must, of 
course, be at equal distances from the line MN, representing the center 
line of the larger balancing ])lug. 

A pro])eller was made with reinforcing wires in the leading edges for 
testing at McCook J^ield as shown in Fig. 225 B. This propeller was 
keyed direct to the shaft Avithout a metal hub and was run 10 hours at 
1,«S00 r.p.m. and then speeded ii]) to 2,350 r.]).m. Avithout showing any signs 
of failure. This propeller Avas designed for 90 horsepower, but at the maxi- 
mum speed absorbed slightly over 800 horsopow^cr without showing any 
defect. The weight of this t)n^pellcr is about 39 pounds, as compared to 
29 j)t)unds for the Curtiss mahogany propeller and hub of corresponding 
design, and 35 pounds for the Paragon oak j>ropelIcr and hub. 

Tests of Bakelite Propellers. — Numerous proi)eIlcrs were made of bakc- 
lite and used in both whirling machine and flight tests, and the results of 
such tests as given in a report of the ProjK^ller Section of McCook Field 
seem to be in favor of the micarta construction. 

As a result of the various tests run witli different types of micarta pro- 
])ellers, it is ai)parent that a diuk micarta construction reinfor< ed Avith 
juano Avirc imbedded in the leading edge is the best t3'pc fur airplane use. 
Moreover, micarta propellers Avhen properly made shoAv a number of ad- 
vantages over Avood propellers as follows : 
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(1) Uniformity of texture. 

(2) Strength. 

(3) Proof against abrasion. 

(4) Proof against moisture, including oil. 

(5) Absence of warping. 

(6) Freedom from checking and splitting. 

(7) Elasticity, 

(8) Adjustible pitch feature, resulting partly from elasticity. 

(9) Absence of metal hub. 

(10) Ease and rapidity of manufacture in quantities, once the molds are 
made. 

(11) Uniformity of all propellers made from the same molds. 



Fig. 227. — Diagrams Showing Percentage of* Moisture Content in Laminations of Two 
Standard Wood Propellers Selected at Random. 


There are, on the other hand, some slight disadvantages to the use of 
micarta propellers. Tliese are principally the greater weight, the necessity 
for using a larger hub key when the steel hub is dispensed with, and the 
fact that one to two months are required to bring through any slight change 
in design. 

Difficulties with Wood Propellers. — Probably the principal objection to 
the use of wood for airplane propellers is warping, and the consequent 
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changing of shape, due to unequal absorption of moisture in the different 
laminations or to inequalities in the rate of drying. It is practically im- 
possible in the commercial manufacture of wood propellers to get all of the 
laminations of exactly the same moisture content. This is well illustrated 
in Fig. 227, which gives the percentage of moisture content in different 
laminations in two sample propellers, picked at random and examined. In 
addition to the variations in the amount of moisture content, the various 
laminations are rarely, if ever, of the same density. It follows, therefore, 
that the rate of moisture absorption of the different laminations will vary 
considerably with resultant warping and changing of shape of the pro- 
]jeller as a whole. This is particularly true in cold weather on account of 
the wide differences in temperature and humidity between the cold out- 
door air and the air in heated buildings. 

Varnish coatings, no matter how carefully applied, do not prevent wood 
propellers from absorbing or giving up a certain amount of moisture wdth 
changes in atmosphere conditions. This has been proven in numerous 
tests. Other methods have been tried of protecting the wood from mois- 
ture absorption, such as coating the whole propeller with metal-leaf applied 
over a sizing coat in the same manner that gold-leaf signs are applied to 
store windows. Electroplating and the application of hard rubber coatings 
also have been tried, but none of these processes has proven satisfactory. 
All of these methods add considerable weight to the propeller, and, more- 
over, are subject to chipping or breaking under comparatively slight abra- 
sion, with the result that moisture gets in at one point and soon disinte- 
grates the whole protective coating. , 

Wood Propeller Tip Protection. — In support of the practice of tipping 
the propeller l)efore applying the moisture protection coating, it may be 
said that the chief value of the aluminum-leaf coating process is in pro- 
tecting the propeller against changes in moisture content while in storage 
or in transit. When the propeller is once put into service, any ordinary 
moisture ])rotection coat will soon become chipped or otherwise damaged 
through abrasion, so that it loses its effectiveness to a certain extent. So 
long as the aluminum-leaf or other moisture protection is not completely 
destroyed, however, it will continue to afford the propeller a certain amount 
of protection against moisture absorption and consequent warping. More- 
over, the period of active service of the average propeller usually is small 
compared to the length of time it is in storage, so that any process which 
protects the propeller against moisture absorption while in storage is of 
considerable value even though the coating may be damaged and lose its 
effectiveness after the propeller is put into service, where it is subject to 
more or less abrasion. 

Propeller tips of copper or brass arc used largely on the propellers of 
training planes and on nearly all seaplanes and flying boats. In the latter 
service, the maximum protection is required against fvater spray, and up 
to the present time nothing but copper and brass approaches the desired 
results. In view of the fact that the seaplane propeller should be even 
better protected against moisture than that of the ordinary airplane, it is 
to be regretted that no good way of utilizing aluminum coating with the 
copper or brass tips has been devised. 
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Propellers on aviation school training planes are subjected to unusually 
severe exposure, due to the fact that these planes are operating on the 
ground, either taxiing or warming up the engines, practically one-third of 
the whole time the engines are running. Their proi)ellers are therefore 
exposed to abrasion from various causes to a much greater extent than the 
propellers on service planes, which are in the air a good part of their total 
engine running time. 

At most of the training fields an effort has been made to protect the 
propeller while the engine is being warmed up by placing the plane on a 
large j)latform or stand extending in front and to either side a sufficient 
distance to prevent small pebbles, sand, etc., being ])icked uj) by the pro- 
])eller. Such protective measures are, of course, of no avail after the jdane 
starts taxiing along the ground, but have reduced to a considerable extent 
the damage while the plane is stationary and the engine is being wanned 
up or tested. 

The i^ractice of applying special coverings to the tips of ])ropeller blades, 
and j)articularly along the leading edges, to protect them from abrasion, 
water spray, etc., has been followed with varying degrees of success. A 
number of different materials and various methods of api)licalit>n have been 
tried for these blade tip coverings, but many difficulties have been encoun- 
tered in the endeavor to develop a thoroughly satisfactory process. Up to 
the present time no one material or j)rocess for li])ping pi;opcllcr blades has 
proved entirely satisfactory from all sland])()ints. Until quite recently 
copper and brass tips were the only ones which gave satisfaction in service, 
considering oidy their function in protecting the propeller blades from 
abrasion. Linen, cotton, and pigskin tips have been developed to a point 
where they give good protection to the ])ro])eller against sand or small 
gravel, long grass, etc., and also against rain or wet grass under moderate 
exposure. Copj^er and brass ])roi)eller tips are still the ()nly types which 
afford ])roper protection against abrasion due to gravel, tough or wet 
grass, flying pebbles, etc., where the exposure to these conditions is severe, 
as in navy planes, training ships, etc. 

So far as moisture protection is concerned, the aluminum-leaf process, 
seems to give the best results, and it is probable that this process will be 
adopted as standard for all wood propellers. It is rather a difficult matter, 
however, to ])rotect a i)ro])cller against al)rasion as well as moisture absorp- 
tion. It is, of c<)urse, ])hysically possible to attach co])per or brass lips over 
the aluminum-leaf coating, but the results would be unsatisfactory, owing 
to the numerous rivets and screws used to secure the metal tij)s damaging 
the aluminum-leaf and thus materially lessening its value as a moisture pro- 
tection. Tips of linen, cotton or pigskin, on the other hand, could not be 
attached over the aluminum-leaf coating, as the glue used to attach them 
would not hold on the metal-leaf. It has been found advisable, therefore, 
to attach all classes of tips to the ]wopellcr blades before applying the mois- 
ture protection process, even though the latter coating may be damaged 
through abrasion after the propeller is put into active service. 

Copper and brass tips have proved very satisfactory on the heavier 
types of pro])ellers such as used on certain forms of training planes, sea- 
planes and flying boats, etc. They are not so satisfactory on light pro- 
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pellers, the blades of which are quite thin at their outer ends. It is diffi- 
cult to attach a copper or brass tip to a propeller of this type without the 
screws or rivets pulling loose or splitting the wood in the thin sections of 
the blades after a short time in service. Another disadvantage encoun- 
tered with brass and copper tips, especially on the light types of propellers, 
is cracking or splitting of the metal tips due to fluttering of the blades. The 
use of metal tips at the ends of propeller blades, and the necessary fastening 
screws and rivets impose c|uitc a stress due to centrifugal force. The fol- 
lowing table, computed by the I^ropellcr Section of McCook Field shows 
how this augments with radius increase and weight of material. 


TABLE XIX 

Centrifugal Force, in Poiiiidh, of 1 stj. in. of Sheet Copper for Various Weights, 
Radial Distances and Revf)lutions per Minute 


Section 

rarlins 

inches 

10 o/. 

14 o/. 

10 oz. 

14 oz. 

(\ipper 

Copper 

C(U>per 

Copper 

30 

8.31 

11.01 

9.45 

13.23 

32 

8.85 

12.37 

10.15 

14.22 

34 

9.42 

13,17 

10.71 

15.00 

30 

9.99 

13.98 

11.38 

15.94 

38 

10.55 

14.75 

12.00 

16.80 

40 

11.10 

15.53 

12.04 

17.70 

42 

11.08 

10.33 

13..10 

18.04 

44 

12.20 

17.14 

13.95 

19.58 

40 

12.78 

17.88 

14.56 

20.20 

48 

13.37 

18.70 

15.22 

21.35 

30 

13.90 

19.40 

15.82 

22.17 

52 

14.44 

20.15 

16 45 

23.05 

54 

15 04 

21.05 

17.13 

24.00 

5o 

15.00 

21.85 

17.77 

24.90 

58 

10 15 

26 00 ! 

! 18 40 

25.75 

()0 

10 07 

23.33 

18.07 

20.58 


Pigskin Tips. — The a])])licatioii of jiigskiii ti]\s to pro])eller blades is a 
coiiijiaratively sim])lc operation. After l)cing ])ropcrly treated and scraped 
until very thin, the ])igskin is cut to the apt)roximate size of the tij) recpiired, 
coated with glue, then a])])lied to the propeller blade and smoothed down 
carefully with a harchvook stick with rounded corners, or some similar tool. 
This is to work out wrinkles, air bubbles, etc., as the tip is rubbed into 
l>lace. Wide variations have been encountered in the protective qualities 
of lu’gskin tips aiddiod on various proi)ellers. It is believed that these varia- 
tions Averc due to some extent at least to the difference in the methods of 
scraping the pigskin before a])plicatioii to the blades. Some samples were 
used which it is believed Avere scrai)ed on the outside faces instead of on 
the inside or part that goes next to the flesh. This is a j)oint which un- 
doubtedly Avill bear Avatching in the selection of pigskin for tipping pro- 
])ellcrs, as it is important to obtain the toughest and strongest material 
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/)ossible for this service. In whirling tests, pigskin tips have shown up 
rather better than copper or brass, the pigskin evidently assisting some- 
what in holding the propeller together at high speeds and retarding the 
development of cracks and splits occurring in blade tips. 

A number of whirling tests have been made of propellers tipped with 
pigskin, and the results of these trials indicate that this covering when 
properly applied really strengthens the propeller blades and tends to hold 
them together at high speeds. A pigskin tipped propeller tested at McCook 
Field was run for 10 hours with a power in])ut of 500 horsepower, and at 
the end of this test was found to be in excellent condition. The tips were 
tight and in place, showing no signs of failure, the only damage being a 
small cut in one of them, caused by some flying particle of an abrasive 
character. This propeller was run during the tests up to a maximum speed 
of 1,972 r.p.m. At this speed it absorbed a total of 553 horsepower, and 
after deducting the friction loss, found to be 45 horsepower at this speed, 
it will be seen that the propeller itself absorbed 508 horsepower net. It is 
believed that the i)igskin tip will be found more satisfactory than the copper 
tip, due to the fact that the pigwskin tip is not cracked by any fluttering that 
may occur at the tip of the blade. From practical tests run on propellers 
with copper tips, it has been found that the tips crack across the blades at 
about 10 inches from the outer ends. This seems to be due to the fact that 
the metal crystalli;^cs at this point, due to the continued bending caused by 
the fluttering of the propeller. 

Fabric Tips. — Linen and cotton due to their ease of application and the 
fact that they aflford the propeller a reasonable amount of protection, are 
favored rather more than pigskin or cop])cr. Tt is considered that such 
tips give sufficient protection to the proj)tdler to justify using them in ordi- 
nary work. A fair proportion of propellers are destroyed in accidents of 
one sort or another from which not even the strongest tips could protect 
them. Aside from this consideration, the propellers used on army planes 
are seldom ex])()sed to conditions so severe that the fabric tips would not 
afford sufficient protection. Taking these facts into account and also the 
much greater ease of application of the cotton and linen tips than other 
types, it would seem advisable to adopt the fabric tips as standard for all 
classes of service in which they are suitable. Linen and cotton tips, in 
addition to affording reasonable protection against abrasion, also tend to 
hold the outer ends of the propeller blades together at higher speeds, being 
fully equal to pigskin and much superior to copper and brass in this respect, 
because when the copper tip begins 'to go, and pulls loose from either 
screws, nails or rivets depending upon the method of fastening employed 
the tip of the blade is actually weaker because of the numerous holes than 
an untipped blade end would be. 

In tipping with fabric, either Ci>tton or linen as specified for wing cover- 
ing is used. All sizing that is present in the raw fabric is removed by 
washing. A glue size of glue and water is used for sizing the fabric just 
before application. Pieces are cut from the fabric to patterns leaving an 
overlap over the edges of the blade. The fabric pieces are dampened with 
the glue size and after the propeller blade tip has been coated with a fhin 
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coating of specification hide glue, the pieces are applied. The propeller is 
placed on a suitable stand, back face up ; to work on it conveniently. 

The fabric is then applied to the back side of the blade, beginning at the 
leading edge. Thorough adhesion should be secured by working with the 
fingers from the leading edge towards the trailing edge. Excess glue and 
air pockets should l:>e removed by working from the center towards the 
edges, using a small hardwood stick with rounded edges. The fabric is next 
trimmed along the leading edge, flush with the pressure or working face 
of the blade. At the tip of the blade, the fabric should have an overlap of 
Yz inch on both faces. Allowance for this should be made in trimming. 
The glued fabric is smoothed over with an iron heated to about 150 degrees 
fahrenheit. This operation is to insure complete adhesion between the 
fabric and the wood, and to remove any remaining air bubbles, puckers, 
folds, and excess glue. 

The propeller is next inverted on the stand and the covering of the 
pressure face proceeded with in exactly the same manner as described 
above. After the size has been applied to the fabric and wood the working 
operation shall begin at the trailing edge and proceed towards the leading 
edge. The fabric shall be overlapped on the back side of the blade at the 
tip and along the leading edge. The lap shall be about Yz inch wide. This 
face shall be ironed as described. Special attention shall be paid to the 
overlapped edges ,to insure their being well knit together. 

Immediately following the tipping operation, the uncovered portion of 
the propeller should be given a coat of liquid filler. This must be worked 
thoroughly into the wood and allowed to become tacky, or set. k is then 
rubbed off across the grain. The propeller must be allowed to stand 12 
hours to allow the filler to dry thoroughly. Two coats of dope are to be 
applied to the linen tip, allowing about 20 minutes for drying between coats. 
Sand lightly after the second coat of dope. That portion of the propeller 
which has been treated with filler, shall be given two coats of shellac, after 
the filler has become thoroughly dry. Each coat of shellac shall be al- 
lowed to dry at least 2 hours before applying the next coat. The entire 
propeller is now ready for the final finishing which consists of two coats of 
airplane spar varnish. The fij*st coat should be thoroughly dry and sanded 
lightly with a fine grade of sandpaper before the second coat is ai)])lied. 

Metal Propellers. — ^Various experiments have been conducted for some 
time both in the United State's and different European countries with metal 
propellers, but all of these tests have not proven uniformly satisfactory. 
The most serious fault in a metal propeller is the fatigue or vibration effect, 
frequently spoken of as crystallization. Weight and rigidity are other 
grave defects. In order to reduce weight, hollow propellers have been 
tried, but these are not always practical for manufacturing reasons. At- 
tempts also have been made to produce steel and duralumin propellers of 
thinner sections than w^ooden types, but these are not always as strong as 
they should be, and moreover, it was found that reducing the thickness of 
the section by half resulted in a gain of only about 5 per cent in efficiency. 
Metal propellers have many advantages, however, and recently developed 
types are being generally used. 
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A type of metal propeller that has received wide application shown at 
Fig. 228 is the invention of Mr. S. A. Reed, which has been developed by 
the Curtiss Acro])lane and Motor Company through continuous engineering 
study. It is claimed that this propeller has increased efficiency over a 
wooden propeller, that it is free from warping and that it cannot be de- 
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Fig. 228. — Rccd-Curtiss Duralumin Propeller and its Use with Hub Made for Wooden 

Propeller. 


stroyed by hail or rain, or al^raded by high grass and that it is free from 
vibration. It is stated that if it is bent in a crash that it can l)e straightened 
for further use. It is made by twisting a forged slab of duralumin to secure 
the proper pitch and using s])acer members each side of the center to form 
a hub that will fit the flanged bub built for wooden propellers with which 
it is interchangeable. A metal proi)eller does not require the constant 
attention wood ])ropellers do. 

Several failures of metal j)ropellers in flight have been reported, these 
being ascrii)ed to metal fatigue around the bolt holes, but these were early 
types and undoubtedly, the later forms will be materially strengthened. A 
metal propeller with a solid forged hul) is to be preferred as it can be di- 
rectly attached to the crankshaft without the use of filler pieces and hub 
members ordinarily recjuired for wood propeller installation, and no breaks 
can develop around bolt holes, because there are none. Metal propellers 
will undoubtedly be used exclusively when their development is complete. 

Wood propellers need periodic examination, even though this material 
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is one that is better for absorbing vibration than metal. Wood absorbs, 
metal transmits vibratory stress. Metal propellers will also require periodic 
inspections of points where weakness may develop, though this has been 
neglected somewhat because of the number in use and the relatively small 
number of failures. These have resulted in screws that have had con- 
siderable flying time so it may l)e true that fatigue must be guarded against 
by inspection. One propeller had 667 hours flying service, or the equivalent 
of 66,700 miles before it failed due to fracture across hub bolt holes. 

Examination of several propellers has definitely established that they 
do not break all at once, but start to crack progressively, and that in the 
early stages these cracks cannot be detected by ordinary visual inspection 
methods. Therefore, there has been developed a practical process of in- 
.s])ection, known as etching, which can be done on the field and which will 
sliow up even the smallest cracks clearly and long before the danger point 
is reached. The etching process consists of bathing the central portion of 
the blade, where the bolt holes arc located, with sodium hydroxide, and 
later wiping off with nitric acid. This cleans and slightly etches the blade, 
and shows up very clearly any cracks that may have started. Periodic in- 
spection by this method, therefore, will assure the operator that his pro- 
])ellcr has not started to develop fatigue failure. 

Design and Construction of Metal Propellers. — The Navy Department, 
Jiureau of Aeronautics in Technical Note No. 161 has covered the subject 
of metal propellers in a very thorough manner. The pa]>er was prepared by 
IJeutenant-Cx)lonel Whiston A. Pristow, a well known Ihiglisli authority 
on aviation. The following excerpts will be of interest to the student or 
general reader. 

It may be as well to set out some of the changes that have taken place 
in the factors governing proj)cller design and construction during the past 
ten years. I'hc chief ai)pear to be as follows: 

(a) The increase of top speeds from about 400 feet ])er second to veloci- 
ties approaching, and even exceeding, the s])eed of sound. 

(b) The difference in the maximum power absorbed per blade which 
has increased from 50 b.hp. to 375 b. hp. or more coincidcntly with a demand 
for higher factors of safely. 

(c) The advent of the supercharged engine as a proved and ])racticable 
proposition, and consequently the necessity for a proi)cller of variable 
pitch, 

(d) The demand for maximum performance either as to height or 
climb, or a compromise within fine limits, or the necessity for making small 
alterations after trial, thus involving the use of propellers with adjustable 
blades. 

(e) Aircraft now operate in almost any weather and arc often required 
to fly through rain or hail. This factor has exposed the extreme vulner- 
ability of the wooden propeller in this respect. 

(f) Commercial and military aircraft are now stationed {or long periods 
in tropical countries. Climatic conditions are all against wood and glue 
and transport and storage considerations are greatly simplified by the pro- 
vision of propellers of adjustable pitch and having detachable blades. 
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In view of the above it would be clearly impossible to introduce at this 
date propellers of wood if metal propellers were already in general use. 
Anyone proposing to substitute wood for steel would be regarded as a 
dangerous person. So great, however, is the conservatism of mankind 
generally, that wooden propellers continue to be specified, and the advocate 
of the metal propeller is often looked upon as an experimentalist to be re- 
garded with extreme suspicion. 

Metals Suitable for Aircraft Propellers. — The ideal metal for aircraft 
propellers should have the following characteristics : 

(1) It should be a native product. 

(2) Capable of being easily made to any size or section. 

(3) Possess the specific gravity of magnesium and the strength of steel. 

No such metal has yet been produced, and the choice of an alternative 
raises several important questions. Even metal pro])ellers, as integral 
units, are not a practical proposition if all the changed factors are to be 
provided for. It follows that a consideration of metal propellers is largely 
confined to the question of the blades as the hu1)s can easily and properly be 
supplied by the engine makers as part of their equipment, and in the fol- 
lowing the word (propeller) is therefore mainly used to cover the blades 
alone. 

Metal propeller blades can be made of steel, which is produced in most 
countries, and alloys of aluminum which arc the native products of only a 
few coulitries. The aluminum alloys are, broadly speaking, cither of some- 
what higher specific gravity than aluminum as, for exam])lc, Vickers Dura- 
lumin or Schneider (Creusot) Alfcrium, or of lower specific gravity by 
reason of the admixture of Magnesium, as in the German (Electron). The 
respective specific gravities are, Aluminum 2.6, Duralumin 2.85, Electron 
1.78. 

This latter metal need not, however, be seriously considered at the mo- 
ment as it is affected by moisture, will almost dissolve in sea Avater, and is 
inflammable when in a finely divided state such as swarf from machining or 
grinding. The same remarks apply to any blades made mainly of mag- 
nesium. 

Duralumin is far more suitable and has already been used, notably in 
the Reed propeller. It can be used for both hollow and solid blades, the 
latter up to a certain size, and lends itself readily to all machining opera- 
tions. It has also been proved that the anodical process, or a coating of 
suitable varnish, renders the material immune from galvanic action and the 
corroding effect of the atmosphere or sea water. 

A study of the foregoing for the generality of cases leads to the follow- 
ing conclusions; that duralumin propellers arc suitable almost exclusively 
for very high-speed aircraft requiring i^rojiellers Avith a top speed equal to 
or exceeding the sjieed of sound. Such ])ropellers are usually fitted to un- 
geared watex-cooled engines in Avhich the crankshaft speed has been in- 
creased to a very high figure in order to reduce the weight-horsepOAver 
ratio and for such engines duralumin projiellers are technically the most 
suitable. The weight of such propellers is low due to their small size, and 
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the high speed of the aircraft and the absence of transmission losses prob- 
ably almost balance the relative loss of efficiency compared with the geared 
propeller. For propellers of this character the solid Idaded^ type is used 
exclusively, and for very good technical reasons this practice is not likely 
to be varied in the future. Large solid slower running duralumin propellers 
are however, heavier than the hollow steel type whilst large duralumin 
blades compare favorably as to weight, but are more difficult and expen- 
sive to make, in addition to possessing inherent disadvantages which do 
not exist with steel. 

Propellers of steel have been made since 1917, notably the Leitner- 
Watts type. The blades are hollow built up in laminated form from steel 
sheet. At first the whole pro])eller was made in one piece with the hub, 
but for several years j^ast the blades have l)een detachable, being held in a 
steel hub and being adjustable as to pitch. Ex])eriences shows that the 
relation between the inertia of these blades and the strength of the material 
employed safely admits of peripheral speeds up to about 960 feet per second 
so that steel in this hollow laminated sheet form can be used for the great 
majority of propellers. It has the advantage that it is a native product in 
many countries, is cheap, can be easily protected against corrosion and its 
phyvsical properties and manufacture are well understood by a number of 
firms. Tests to destruction also reveal the fact that in this built up form of 
steel construction,^ disintegration never occurs suddenly as in the case of 
light alloys, but is always preceded by ample warning given by the com- 
mencement of small cracks at certain j^laces. 

Leitner-Watts Steel Propellers. — This propeller is entirely of s'teel and 
consists of a se])arate hub, often made by the engine maker under license, 
into which the blades are fitted. The hub is made in two portions clamping 
together over a flange on the blade, which is obviously the most simple and 
secure method of holding the blade firmly. In addition, it has the merit of 
bringing the point of attachment to the shaft as close as possible. By 
clamping over a flange into which every lamination enters, the heavy cen- 
trifugal loads arc distributed in such a manner that localized stresses are of 
a small order. The hubs, although they cannot possibly come adrift in 
operation, are capable of being unlocked in order that the blade may be 
adjusted at to pitch, or replaced if damaged. The figures of tests conducted 
by the National Physical Laboratory show that, with these propellers, if 
the blades be set anywhere over a range of 10 degrees about the mean set- 
ting, the new propeller resulting from such resetting will have an efficiency 
within 1 per cent of the possible maximum. 

In the first types ot tnesc propellers the hubs were too long, resulting 
in a small loss of efficiency, and reducing the cooling effect over the engine 
crankcase. In the later types, however, this fault has been eliminated by 
considerably shortening the hubs. The blades are built up from sheared 
out sheet steel pressed to shape and welded together at the edges. Each 
laminated sheet in the blade is continued into the attachment flange and 
the inner laminations are shaped in such a manner as to bring the center 
of gravity of the blade as near the shaft as possible. 

The building up is accomplished in vsuch a manner that riveting is dis- 
pensed with. The welding is, roughly speaking, parallel to the radius and 
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is therefore not stressed to any extent and the weld at the root, where all 
the sheets enter the holding sleeve, is under compression. The sheets in 
the blade are of different length, giving the necessary taper in thickness 
towards the top, and the laminated form of construction increases the 
strength of the finished l)lade al)ove that of its component sheets and, in 
addition, assist considerably in damjnng out vibration. 

With this type of construction it is perfectly easy to make hubs which 
will take a wide range of blades, and also hubs to take 2, 3, or 4 blades, so 
that any type of i)ro])cller can be built up from stock units. Naturally, the 
balancing of all blades has to be performed with the greatest exactitude, 
but the limits now are fine enough to enable a damaged blade to be changed 
for a similar blade from store, without it being necessary to lake off or re- 
balance the propeller, and actually this has been done in many cases. A 
thrce-bladcd propeller for the Nai)icr 1,000 horse])ower Cub engine was 
made up from stock Condor blades and a three-way hub. It functioned 
perfectly and was adopted for the machine without the propeller makers 
knowing anything about it. The largest propellers of this type made up to 
the present are the two-bladed propellers for the 700 horsepower Rolls 
Royce Condor engine; they are 16 feet in diameter and rotate at 1,000 r.p.m., 
a perii)hcral speed of about 840 feet per second. The same type of con- 
struction is employed for top ^speeds uj) to about 940 feet per second, but 
for higher speeds the Leitner- Watts i)ropellers have blydes of solid dura- 
lumin fitting into the standard steel hubs. 

It was only natural that the first all steel, laminated, hollow, welded 
propellers, with detachable and adjustable blades, should be regarded with 
considerable anxiety as to their weight performance and reliability. The 
steel propeller is heavier than the Avooden, and as some of this increase of 
weight is in the blade it is an advantage from an engine point of view by 
reason of the increase in flvAvlieel effect. The increase of weight, how- 
ever, is not sufficient to adversely affect the crankshaft and end bearing, 
neither is the performance affected. Machines fitted with this type of 
propeller have in the majority of cases a better all-around ])erformance 
although carrying the extra weight of the i)ropcller and without any reduc- 
tion of the military or paying load. A .series of comparative tests were 
undertaken at the R. A. F. recently with Leitner-Watts steel propellers 
as against the standard wooden ])roi)eIler on different types of machine and 
engine. In no case Avas the performance Avith the steel propeller inferior, 
and in most cases it Avas appreciably better. On the NighthaAvk-Jupiter, 
for exangjlc, the rate of climb Avith the steel propeller at all speeds between 
70 and SX) m.p.h. Avas about 200 feet per minute better, an increase of about 
20 \ytv cent. At 110 m.p.h. the metal propeller gave the machine about 
double the rate of climb. One point emerged very clearly from these tests 
and that Avas the consistency of the results with steel propellers, Avhereas 
with Avood it Avas impossible to obtain check figures Avithin anything like 
such narroAV limits of variation. With regard to reliability, numerous en- 
gineers believed that propellers of this type would either tear out at the 
hub or split at the Avehl. F<»r the reasons already given, however, they do 
neither of these things. Some of the early blades have l>een in service for 
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years without any trouble whatever, and later blades have been spun up 
to 200 per cent overload without breaking down. They are extensively used 
in the British Air Force, and samples cut up after two years service have 
revealed no sign of fatigue cither in the original steel or the welding. 

In one test a L-W metal propeller was fitted to a Liberty engine absorb- 
ing full power at about 1,600 r.p.m. When the engine was running on full 
throttle it was switched off and just as it was about to stop it was switched 
on again. This procedure was continued for ten hours at the end of which 
time all the engine cylinder water jackets had split open, but the propeller 
was undamaged. Incidentally, the test was a good testimonial to the 
Liberty engine which functioned perfectly in spite of being nearly wrenched 
off the stand each time the ignition was switched on. The jackets could 
not be expected to withstand such treatment especially as they were 6 years 
old and ])robaldy very corroded. 

There is no doubt that this type of steel propeller has made good with 
regard to performance, reliability and durability, and nothing can be urged 
against its adoi)tion under these heads. It has also the added advantage 
from a military point of view that ordinaiy aircraft machine gun ammuni- 
tion has little effect upon it, and in many cases a shot-u]) pro])eller would 
continue to function long after a similarly shot-up wooden propeller had 
disintegrated. 

Conclusions. — (-'onsideration of all the evidence in respect to the require- 
ments to be met in the design, construction and operation of propellers 
leads Lieutenant-Colonel Bristow to the following conclusions: 

• 

(1) That by reason cd the changed conditions set out in the beginning 
of the i)aper, ^^'ood can no longer be considered as a suitable material 
for aircraft ])ropellers. 

(2) That steel is the most advantageous substitute from the engineer- 
ing standpoint, and it also has the advantage of being a home 
product. 

(3) That the hollow laminated steel blade can be satisfactorily con- 
structed in such a manner that its tensile strength is sufficiently 
great to allow it to deal with the inertia and other forces of the 
great majority of prot)cllers up to lop speeds of about 960 feel per 
second. 

(4) That for sj)ecds beyond this there is at i)resent no alternative to the 
light alloy i)ropcller and that those of the J^eed tyi)e have proved 
themselves efficient and able to withstand top speeds beyond the 
speed of sound and to absorb very high power outi)Uts. 

(5) From primary considerations and from actual experience it is con- 
.sidered that it will be found desirable in future in the case of dura- 
lumin pro])ellers to make the blades detachalde and the hub of 
steel. The more duralumin is Avorked the stronger it becomes; 
therefore, the hub and blade roots which should be the stiongcst 
are at present the weakest. This introduces variations in strength 
which could be mitigated by using rolled plates, the thinner the 
better. It must also be taken into consideration in designing the 
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hub that duralumin is weaker than steel, weight for weight, and 
it is only when the very serious centrifugal load is added that dura- 
lumin becomes the more favorable material. There is, of course, 
no need to make the hub specially light, as the centrifugal stresses 
due to its own rotation are negligible. 

(6) It is impossible to make any hard and fast statement as to which 
type of propeller will be the lightest for a particular job. Solid 
duralumin is heavier, size for size, than hollow steel, viz.: 1.9 to 1.3 
taking wood as 1. This is roughly approximate for propellers up 
to about 11 feet in diameter. Beyond this length steel becomes rela- 
tively lighter and wood and duralumin increase approximately 
according to the cube law in the case of solid and the square law 
in the case of the hollow construction. Duralumin, therefore, is 
heavier and lighter than steel in some sizes. In the case of the 
Leitner-Watts Condor steel propeller which is 18 feet in diameter 
this is lighter than if made in duralumin, but if the engine is run 
ungeared a duralumin propeller becomes possible and would be 
lighter. 

(7) The case for metal as against wood does not rely upon performance. 
It is satisfactory to note, however, that in a long series of inde- 
pendent tests carried out both at Farnboro and McCook Field metal 
propellers gave the better performance. 

(8) There is every indication that the military aircraft engine of the 
future will l)e ])rovided with some type of supercharger necessi- 
tating a variable pitch propeller. This will rule out entirely any 
propeller of the integral type whether of wood or metal, and the 
ultimate propeller must have separate metal blades. 

(9) Quite apart fnmi military considerations there are the fundamental 
aerodynamic factors governing the changes in the s])eed of a pro- 
])eller during the taking-olT and flying periods and their important 
influence on the design and performance of the aircraft itself. A 
proper solution of the difficulties these present can only be obtained 
by the employment of a propeller of variable pitch, i.e., variable in 
flight either automatically or at the will of the pilot. Each of these 
two types has been designed, and in some cases tested with most 
encouraging results. 

Screw Overlap in Multi-Engine Types. — In designing multi-engine 
planes especially if metal i)ropellcrs arc used, care must be taken so the pro- 
])ellers will not overlap. For example, in a tri-motor plane with one engine 
mounted on the fuselage and two carried outboard; one under each wing, 
the outboard motors should be so spaced that the disc area, or blade swept 
area of their screws should be clear of the slipstream resulting from the 
central propeller. If there is an overlap, there is an area of disturbed air 
in which each blade of a side propeller will move during each revolution. 
The air pressure will vary and consequently the variation in thrust from 
the undisturbed air to that of the central propeller slipstream cannot fail to 
produce vibratory stresses in the blades. If wood propellers are used, much 
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of this vibration will be absorbed by the material of which the blade is 
composed. If metal blades are used, the stress will be transmitted along 
down the blade to the point of attachment at the hub. If this is weakened 
by holes, there may be a very slight movement, that repeated 3,000 times 
per minute, will in time fatigue the stressed metal. Metal propeller failures 
have always taken place at the point where the greatest stress was not 
adequately resisted, or in the center portion. 

When two engines are mounted tandem, the disc area of the rear pro* 
peller should be such that it will lie entirely within the slipstream of the 
front propeller. In such installations the tractor screw is sometimes of 
' lesser pitch and greater diameter than the pusher screw, which must work 
in disturbed air. Overlapping is not common in twin-motored airplanes 
where each engine is carried outboard because the fuselage usually comes 
between the engines. Ifi seaplanes, where the engines are carried above 
the boat hull there is also an appreciable space between the power units 
and the disc areas of the screws are separated by a corresponding space. 
The air screws of tri-motored airplanes that may appear to have an overlap 
Avhen viewed from the front may have no real overlap because the front 
engine may be located far enough forward so its slipstream will have necked 
down before the side proi)cllers can intercept it. The amount of this 
diminution in slipstream area may be taken as 80 per cent of the diameter 
at a distance of 50,, per cent of the diameter or more back of the propeller. 
The nature of the stresses set up in the after propellers of an overlapping 
combination are analogous to those set up in the after proj^eller of a tandem 
combination when in the latter case a sufficiently small diameter to«prevent 
the tips from extending outside of the slipstream is not provided. It has 
been slated that this ])oint has been taken into consideration in designing 
the latest Ford-Stout tri-motored all metal monoplanes and that the wing 
suj^ported motors are carried out far enough so there will be no contact 
of their blade tips with the slipstream of the central and forward screw. 

Variable Pitch Propellers. — The aeroplane of today requires a con- 
siderable field area for rising and landing, and many designs can effect a 
landing only at high speeds, which makes the operation of landing to a 
certain extent more hazardous than average flying. If really relialde and 
easily operated variable pitch proj^ellcrs were available, the landing speeds 
on aeroplanes could I)e cut at least in half. This is exemplified by tests 
made at McCook Field, with machines equipped with the Dicks steel vari- 
able pitch propeller. In landings with the propeller at constant pitch the 
machine came to a full stop in 625 feet and the same machine landed in 239 
feet when the varial)le pitch propeller was used. 

Variable pitch propellers are also of great importance in connection with 
liigh altitude flying, as the writer has previously mentioned, which is likely 
to become a feature of aerial transportation of the future. There, the value 
of the variable pitch propeller lies in the following : The engine loses power 
with elevation, because of the reduced content of oxygen in the volume of 
air inducted into the cylinders, and the resultant ability to Inirn less fuel, 
fn other words, the engine at higher altitudes acts as if it were partially 
throttled. Superchargers precompress the air delivered into the induction 
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system of the engine and in this way restore the engine power delivered to 
the propeller. Since, however, the medium in which the propeller operates 
is of reduced density, the increase in speed by itself does not produce a 
corresponding increase in thrust, unless the propeller pitch is varied to a 
steeper angle to secure more of a '‘bite” on the thin air. Because of this 
the variable pitch propeller becomes a natural adjunct to the supercharged 
aeroplane engine. They would also be valuable in connection with airship 
propulsion. 

The problem of designing a variable pitch propeller is quite simple at 
first glance, it l)eing only necessary to ])rovide some kind of a gear device 
to turn the blades about their longitudinal axis. The difficulty of the prob-' 
lem lies, however, in the fact that in a variable pitch propeller, the blades 
must be separate from the hub. At the same time, the stresses induced by 
centrifugal forces in the propeller are so high that it becomes extremely 
difficult to secure a method of connection between the propeller hub and the 
blades that could withstand these stresses. During the war Mr. Hart of 
California developed a wooden blade propeller having the variable pitch fea- 
ture. This propeller was taken over by the War Department, and a great 
deal of experimental work and design was applied to it at McCook Field 
with what are said to be highly gratifying results. 

Variable pitch propellers have been a feature of small motor boat design 
for some time and various forms have been devised that, have permitted not 
only a variation in ])itch angle of the blades but a com|)lete reversal of 
their position. When the Idades are set in a neutral position there is 
practically no thrust so such a ])ropeller serves also as a clutch and reverse. 
Difficulties are experienced in the practical ap])lication of marine varial)le 
blade propellers and the problem of centrifugally produced stress on the 
blades is much less than it is in the larger diameter and equally high-speed 
aviation propellers. The operating mechanism adds weight to an airplane 
propeller and very careful designing is necessary to secure adequate 
strength, whereas marine reversing or variable propellers are not nearly 
as much of a problem and the design and its ])ractical ai)i)lication is much 
more easily solved. Despite this fact, while many reversible propellers 
have been offered to boat men, only a few forms have survived the test of 
time. 

The fastening of the blades to resist thrust stresses is not nearly as 
much of a problem in aerial screws as that of having a fastening that will 
be at once strong and unyielding when the blade has been adjusted, yet 
permit of blade movement under full load, if necessary, when it is moved 
by the actuating mechanism. The tendency of a revolving air screw is to 
throw off its blades from the hub tangentially, so the blades must be very 
firmly secured at the hul) to resist this centrifugal force. Then again, in 
aerial screws, the actuating mechanism must be as simple and light as 
possible whereas the factors cd weight and mechanical complication are 
not nearly so important in marine applications. 

The Dicks Propeller. — The subject of variable pitch propellers for air- 
craft is a large and comprehensive one that is worthy of a special treatise 
and even a brief mathematical consideration of the many engineering prob- 
lems associated with variable blade air screw design is not within the scope 
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of a general treatise of this character. A brief discussion of several forms 
that have been tried will suffice to give the reader some idea of what has 
been accomplished along these lines. 

Of late all-metal varial)lc pitch propellers have constituted a prob- 
lem of considerable difficulty, as it was believed that structures operating 
under the conditions of aeroplane propellers and made up of steel would 
1)C subject to crystallization of the metal and subsecpient failure. The Dicks 
propeller developed by Thomas A. Dicks of Pittsburgh is shown in Fig. 229 


Propeller 

Sh u le Blotde Acfualmq 

I ; Slide Block 



Fig. 229 . — The Dicks Variable Blade Airplane Propeller and its Actuating Mechanism. 

as mounted rin an aerojdane at McCook Field. The blades of the Dicks 
jiropellcr arc machined out of a special alloy steel so as to fit over a taper 
mandrel. A series of specially designed reamers are used to give each sec- 
tion the exact dimensions. The blade is then compressed to size over a 
scries of mandrels. The gear for turning the blades and thus varying the 
l)itch is shown in the illustration. An interesting arrangement for holding 
the blades in the hub is used. In flight tests on a DII ])lane with Liberty 
motor, the same speed was developed with the variable pitch steel propeller 
as with the permanent pitch wooden propeller, but the ground run on land- 
ing was cut practically in half. The Dicks propeller is somewhat heavier 
than the standard wooden propeller, which, under certain conditions, may 
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prove to be a handicap by placing the center of gravity too far forward. If 
it should prove to be possible to use lighter alloys, such as duralumin, for 
the blades, instead of steel, not only the weight of the unit but the centri- 
fugal stresses produced by the blades on the hubs and connections would 
be materially reduced. A special system of controls has been developed 
for this propeller, as well as means for regulating the carburetor throttle 
in conjunction with the variations of the propeller pitch. 

The blades are so held as to be free to turn around the mandrels or 
arbors to which they are attached. A small lug at the bottom of each blade 
is joined to a blade actuating slide block which moves longitudinally on 
V ways or guides machined on the propeller hub member. One of these 
slide blocks is used on each side of the hub, each block being in connection 
with and actuating one blade. The blocks are permitted freedom only in 
a longitudinal direction or back and forth along the guides on the hub. The 
slide blocks terminate at their back ends into a member on which a ball 
bearing thrust collar is mounted. The outer race of the bearing is housed 
in a non-rotating member or housing while the inner race of the bearing is 
free to rotate with the propeller hub and, of course, the slide blocks it 
carries. The fixed housing of the thrust bearing is kept from rotating by 
two projecting lugs passing through slotted fixed guide members rigidly 
secured to the engine crankcase. This collar or housing is fastened to a 
shift lever by a short link, the shift lever being attached to the actuating 
shaft, supported at its outer end by a suitable bearing as well as at its 
inner end, A double arm lever is keyed or otherwise rigidly fastened to the 
end of the shaft and this arm may be moved by push and pull rods or cables 
to the operating mechanism convenient to the pilot by which the shaft is 
oscillated in its bearings, this producing a back and forth movement of the 
sliding blocks and a corresponding movement of the propeller blades around 
their supports. The lug attached to the bottom of each blade is free to 
move around on the arc of a circle only when the sliding block is moved. 
When the sliding blocks have been placed in the position necessary to se- 
cure the desired angle of attack of the blade, the operating mechanism is 
locked in position by the pilot and the propeller operates as a fixed pitch 
form. 

Levasseur Propeller. — Another variable ])itch propeller that is now 
seven or eight years old is shown at Fig. 230, this being the invention of a 
French aeronautical engineer, Pierre Levasseur. In the Levasseur variable 
pitch pro])eller, the wooden blade stub is in compression from the inside 
instead of being held in compression from the outside. The general view 
of the Levasseur propeller shows that the propeller blades are connected by 
anchor bolts, with castings mounted on lateral hollow shafts in the pro- 
peller hub. The pitch variation is carried out by displacement of these 
mountings on their respective shafts. The centrifugal forces are taken up 
by the ball thrust bearing shown at the base of each blade support. 

Tests carried out in the laboratory of the School of Arts and Manu- 
factures and at the Chalais-Meudon Field have shown that the new pro- 
peller gave satisfaction. The weight, was somewhat greater than of a con- 
stant pitch propeller, but a reduction is expected from an improvement in 
,the design and material of the metal parts. A ten-hour test of the propeller 
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run by a motor has shown that variations of pitch could be carried out 
under all conditions of operation without requiring any excessive muscular 
effort on the part of the pilot. 

The chief point of interest in this design is the care with which the prob- 
lem of holding the blades firmly against centrifugal displacement has been 
attacked. Metal anchor pieces are imbedded in the wood laminations as 
shown, these being arranged in stepped relation to avoid undue weakening 
of the wood structure. Tension bolts of alloy steel extend from the anchor 
pieces through an anchor plate casting or forging which fits on a tapering 
section mandrel projecting from and forming part of the propeller hub. 
The casting projecting into the blade root or base is hollow to house the 
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Fig. 230 . — Actuating Mechanism and Construction of Propeller Blade Anchorage of 
Levasseur Variable Pitch Propeller. 


large ball thrust 1)earing. This is held in ])lace l^y a threaded retention mem- 
ber bearing against one of the races and screwed into the blade anchorage 
member. The blade is securely held by the tension bolts and thrust bearing 
from flying off at a tangent wlien the assembly is rotated at high speed. 

The actuating mem1)er by which the blade is displaced angularly is by 
a sliding member and short links. The sliding meml)er, which carries the 
inner race of the double row ball bearing, is keyed to and must rotate with 
the propeller hub. It carries lugs on its face to which the blade actuating 
links are attached. The method of moving the sliding piece is one that 
permits of very positive and sensitive control of the blade shifting links. 
There is an externally threaded, fixed tube attached to the motor base. An 
internally threaded sleeve with spur gear teeth on the exterior can be 
screwed back and forth on the fixed tube by turning the hand wheel, op- 
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crating tube and pinion attached to it. The outer race of the double row 
bearing is carried in the end of the internally threaded sleeve. It will be 
apparent that the interposition of rotating anti-friction members will per- 
mit the propeller hub to be rotated by the engine, while the fixed tube need 
not move at all. The sleeve moves slowly under control of the pilot in a 
fore and aft direction as determined by the pitch of the co-acting threads, 
rotating slowly as it advances or retreats on the fixed thread. It will be 
apparent that a much more sensitive control is possible than when direct 
linkage is employed, though this feature would seem to be one of rather 
doubtful value to the writer and might be a distinct disadvantage if quick 
action was necessary in an emergency. 



Fig. 231. — Front View Showing Installation of Hart and Eustis Propeller. 


Hart and Eustis Variable Propeller. — The Hart and Eustis variable 
pitch ])ropelIer is unique because of llie light weight and compactness of 
the angle changing mechanism, which is Aa*ry little larger than the pro- 
l)eller driving hub. The installation on a test airj)lanc is shown at Fig. 231. 
The wood blades are held in metal ferrules, as shown at Fig. 232 and may 
be prevented from pulling out by suitable dowels or other fastenings pass- 
ing through the ferrule and into the wood. The blade and ferrule assembly 
was held in place by a threaded retention mcml)er or round nut that fitted 
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threads on the hub member. A ball thrust bearing interposed between the 
retention member and the end of the ferrule resisted centrifugally applied 
loads and permitted the blades to be displaced angularly by the mechanism 
supplied for that purpose. The familiar and old principle of pins operating 
in an angular slot, as has been used for many years in ignition timer auto- 
matic advance mechanisms is employed on a larger and somewhat modi- 
fied plan in this propeller. 

The hub is provided with two keys, one of which is clearly shown at 
Fig. 232, the other being oppositely disposed. A splined shifting member 
must turn with the propeller hub but can be moved longitudinally on the 
retaining keys. The shifting collar docs not turn as it is separated from 
the splined shiftable member by a ball bearing. When this collar is pulled 
back and forth, it produces a corresponding movement of the splined mem- 
ber, This carries lugs to which the angle changing pins are hinged by 
suitable bolts. These pins pass through the blade ends as well as the 
ferrule, as shown at Fig. 232 A which shows the assembly of the hub and 
blades. Angular slots in the hub tubular extensions that serve to drive the 
blades, cause the blade angles to vary as the pins move in and out because 
of the movement of the shifting collar. If the juns projected through 
holes instead of slots and in a plane parallel to the center line of propeller 
drive shaft, there would be no movement possible of the blade, the pins 
would merely slide in and out without displacing the blade angularly. 
Owing to the placing of the pins at an angle to the center line and using 
angular slots, the blade angle is varied as the collar is pulled or pushed 
and the sliding pins act as riders on the cams or inclined planes re])rcsented 
by the slots. 

Flight and whirling tests have shown the mechanical principles involved 
to be sound and the latest forms arc considerably improved and strength- 
ened over the early form shown in the illustrations which suflice to show 
principles of action and construction. The first tests made showed that 
the blades had pulled out of the ferrules to some extent and it was sug- 
gested that blades of micarta be molded into the ferrule, which could be 
provided with inwardly projecting flanges rolled in after assembly to hold 
the blade firmly in place. 

Epicyclic Airplane Propeller Drive Gears. — Airplane propellers, as the 
writer has previously mentioned operate most efficiently at a speed range 
of from 1,200 to 1,500 r.p.m. In this si)ecd range it is j)ossible to obtain a 
large enough propeller diameter to avoid excessive interference between 
the pro])ellcr slipstream and the fuselage and other parts back of the pro- 
peller. The most efficient pitch also can be obtained in this speed range. 
At higher speeds it is necessary to restrict the propeller diameter in order 
to avoid setting up excessive strains in the jiropeller due to too high cir- 
cumferential speed. The most efficient speed of the average modern water- 
cooled airplane engine, is usually in the range from 1,800 r.p.m. to 2,200 
r.p.m. It readily will be seen that a reduction gearing of some sort is de- 
sirable, in order to allow both engine and propeller to operate at their best 
speeds. 

In considering a suitable reduction gear for the aviation engine, two 
important factors enter into the design : 
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First, the greatest possible efficiency must be realized. 

Second, the construction must be light and compact, although at first 
thought a heavy and bulky construction would appear necessary to with- 
stand the internal stresses created in the transmission of so much power 
as is developed by the usual large engine. 

In the preceding chapter on water-cooled aeronautical motors, the sim- 
ple and effective reduction gear used on Packard aeronautical engines was 
shown as applied to the 2 A 2,500 engine at Fig. 177. In this the reduction 
was obtained by a single pair of spur gears, one mounted on the propeller 
shaft between large anti-friction bearings was me.shed with a smaller gear 
carried by the engine crankshaft below it, this also being supported by 
antiTfriction bearings at eacli side. The gears are of heat-treated, high 
strength alloy steel and have exceptionally wide faces to transmit the gr^t 
horsepower produced by that engine. 
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Fig. 233. — Diagrams Showing Rolls-Royce Epicyclic Speed Reducing and Propeller 

Drive Gear. 


There are other forms of reduction ^ears besides that shown at Fig. 177 
and in the lower powered and earlier design shown in Fig. 220 in this 
chapter. Rolls Royce, Ltd. of Derby, England, have been building for 
some time past a reduction gear of the epicyclic ty])e for use with their 
12-cylinder aircraft engine, and have been very successful with this gear. 
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This is clearly shown at Fig, 233 and it will be evident that it results in a 
much neater nose assembly than is possible with the superposed spur gear 
reduction previously considered. 

In considering the design of the reduction gear for the Rolls Royce 
engine, full attention was given to various types of gears including almost 
every type which could be considered at all practicable, and the decision 
was reached that the epicyclic gear gave the best combination of strength, 
wearing qualities and other desirable features, without too great loss of 
efficiency. 

The form in which only two gears is used is most efficient mechanically, 
but it cannot be made as compact about the center line and the stress of 
power transmission ])roduces a strain on relatively few teeth, which must 
be large to resist it adequately, and of course, considerable tooth friction 
is present because of high unit pressures. Unit pressures are lower in 
epicyclic gears because more teeth are in engagement. The factor of bear- 
ing friction between the planets and their pins is reduced by using anti- 
friction bearings. 

Various methods of compounding plain epicyclic gears have been tried, 
but the best type is undoubtedly that combining double planets, an annulus 
driven from the crankshaft, and a sun fixed to the engine casing. One of 
the great advantages of this type of gear is that the planets are not held 
on overhanging pins as is the case with ])lain planets,, but are balanced 
about the flange on the propeller shaft in such a way that the projecting 
portions of this flange, to which the two halves of the planet cage are bolted, 
are not put in torsion by the driving load on the planets. 

The “Universar* Adjustable and Reversible Propeller. — A device which 
does for the aircraft what change s])eed gears do for the automobile is the 
invention of Spencer Heath, and is built by Paragon Engineers, Tnc. of 
J^altimorc, Md. It coiujirises a system of special blades and a mechanism 
for varying the pitch of the blades from zero to 360 degrees, while in flight 
or otherwise and is described in Technical Memorandum No. 155 of the 
National Advisory Committee for Aeronautics. 

P>y adjusting the ])itch, either before starting or while the engine is 
running, to a less than normal angle, the engine is allowed to pick up speed 
aJid deliver its maximum ])ower which is necessary in taking off with a 
heavier load than the same airplane could otherwise normally carry. Upon 
reaching the desired altitude, the pitch may be increased by the i)ressure 
of a finger on a knob on the dash and the engine run at its most economical 
speed, still with the pcjssibility of increased speed range, should occasion 
demand. As the load is lessened by. consuni])tion of gasoline on a long 
distanced flight, the pitch may be still further increased. 

In landing, the ])itch of the screw may be changed to any degree in the 
o])posite direction, or ‘‘reversed” in a few seconds, just before the instant 
of contact with the ground and the airplane brought to a stop in the very 
shortest space, obviating entirely any pre])ared ground system of slowing 
up the airplane. This is a feature of especial moment to naval or commer- 
cial aeronautics where the shortest run after landing is a prime necessity, 
owing to the confined sj>ace which may be available on a ship’s deck or 
even on that of an airplane carrier ship like the Langley, or in small emer- 
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j^'cncy landinj^ fields when comiiiereial airjihines he forced to alight 

under other than ideal conditions. 

For the airship, the same advantages of economy are apparent while 
the reversible attribute exactly doubles nianeuveraliility in docking, whether 
shed or mooring mast is employed. It is even ])ossible that the adjustable 
and reversible pro])eller may cause rapid advancement in the helicopter, or 
<brcct-lift airjdane. It has long been realized that the variable pitch and 
reversible propeller was a development Avhich would travel side by side 
with supercharged and multi-engined aircraft. 
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This new design presents many valuable features. In the Heath pro- 
peller there has been achieved : 

(a) Elimination of continuously running gears, collars or bearings in 
the pitch control mechanism. 

(b) The use in flight of engine power in place of manual labor in chang- 
ing the blade angle. 

(c) The absence of any structural limitation to the range of blade angles 
available as well as the limiting of the l)lade travel between any two pre- 
determined extreme positions. 

(d) Continuous indication on the instrument I)oard of the l)Iade posi- 
tion. 

(e) Automatic throttling of the engine while the propeller is passing 
through the position of neutral pitch. 

The two wooden or steel blades are fastened into steel sleeves which 
in turn are held in a steel hub, the centrifugal forces being taken on ball 
thrusts and torsional and axial forces on plain bearings. The method of 
fixing the wooden blades into the steel sleeves is noteworthy. The butt 
end of each blade is tapered outwardly at a small angle as shown in A, 
Fig. 234, and the surrounding collar is split so that it may be first sprung 
over the butt and then compressed upon the taper. 



Fig. 235. — Views Showing Method of Testing Universal Adjustable and Reversible 

Propeller. 

Pitch Changing Mechanism. — The pitch changing mechanism is op- 
erated through the application of a braking force to cither one of a pair of 
small brake drums surrounding the engine crankshaft and normally ro- 
tating with it. The elementary principle is shown by diagram in B, Fig. 
234, which represents a brake drum connected through a gear train to the 
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individual blades of the propeller. It is apparent that if the drum is al- 
lowed to revolve at crankshaft speed, all the gears will be stationary rela- 
tive to the propeller and that the pitch angle will remain constant. If, on 
the contrary, the brake drum is held stationary the gear train will be set 
into action and the pitch angle of the blade will undergo a continuous 
change until the brake drum is released. 



Fig. 236. — Reed 87" Diameter Propeller Thick at Hub Section, at Tip Section 
Made of a Single Piece of Sheet Metal Thick. Pitch is 5 Feet. 


In order to change the blade angle in the reverse direction a second 
l)rake drum is used, connecting to the worm shaft through an idler which 
serves to reverse the direction of rotation of the worm shaft. It should be 
noted that during normal flying none of these gears are operative and that 
the l)ladcs are locked in position hy the non-reversible features of the worm 
and the friction of the connected parts. The actual construction of the 
pitch changing mechanism is more fully indicated in C, Fig. 234. The 
brakes are applied through leather faced shoes operated from the pilot's 
seat by a light push and [mil knol) attaching to a brake lever mounted on 
the drum housing. A small hand crank is provided by which the pitch can 
be changed while the engine is not running. 


Thickest Part 



Fig. 237. — Reed Duralumin Propeller with Twisted Flange Hub. 

The angular setting of the propeller blades at any instant is a function 
of the relative motion which has taken place between the two Imake drums. 
The indicating mechanism is therefore operated by gearings from the two 
brake drums which conveys differential motion to the indicating pointer and 
the throttling and pitch-limiting cams. As long as tlie two brake drums 
revolve, both at crankshaft speed, the indicating hand remains stationary, 
but if either of them is retarded, an angular motion is shown on the indi- 
cator equal to that experienced by the blades themselves. 

The mechanical throttle is provided with springs in both directions so 
that the pilot can at any time by applying a force on the throttle greater 
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than the initial tension in the springs substitute manual for automatic con- 
trol. 

In the pitch limiting mechanism the control knob normally connects to 
the brake levers direct, a push increasing and a pull decreasing the pitch. 
If the control button is held in either operating position until the limiting 
position of the propeller blade is reached, the cam trips a latch plate and 
renders the control inoperative in that direction Avhile leaving it ready for 
use in reversing the direction of pro])ellcr blade motion. 

To show the action under power the propeller has been installed on a 
150 horsepower Hispano-Suiza engine mounted with gasoline tank, ob- 
servers’ scats, etc., on a trailer truck weighing about two tons, which is 
free to roll on the ground (see Fig. 235). Demonstrations have been made, 
the engine and propeller being operated by any one present. In these 
demonstrations the device is put through its entire range of performance, 
which includes disconnecting the pitch-limiting mechanism so that the 
blade angles arc controlled throughout a com])lete revolution of 360 de- 
grees, both forward and reverse. With the engine turning at 1,500 r.p.m., 
the angular change from full speed ahead to full speed astern is accom- 
plished in about 3 1/3 seconds. 

Features of Reed Metal Propeller. — Mr. S. Albert Reed, inventor of the 
Duralumin i)roi)eller that bears his name describes some of the tests inci- 
dental to the development of this air screw in Report No. 168 of the Na- 
tional Advisory Committee for Aeronautics, to which the rclader is referred 
if the com])lete text is desired. The following information has l)ccn selected 
as being'of general interest and as this type of propeller is l)econiing po])u- 
lar for application to all ty])es of air])lanc power plants and as it has dis- 
placed wood ])ro])cllers in numerous installations, its general features merit 
some consideration other than the brief mention previously made. The 
blade of the Reed proi)ellcr finds its own ])osilion of ec|uilibrium at each 
speed, the bending stresses can be very considerably reduced and the re- 
sultant stress made to consist essentially of pure tension. Hence the possi- 
bility of using comparatively thin and efficient sections throughout the 
blade with consequent increase of efficiency. These sections will then lend 
themselves to high perijdieral s])ceds, and Avill retain comparatively high 
efficiencies at velocities exceeding the si)eed of sound. 

The propellers are made from one i)iecc, Avhich is usually a forging or a 
solid strip, having approximately the sha])e of the desired proi)eller in the 
untwisted form. This blank is annealed and the sections are then shaped 
by means of suitably shaped milling cutters, after which the pitch is given 
to the blades by twisting in a rotary press. The propeller is then heat- 
treated in a salt bath and quenched, whereby it acquires its final tensile 
qualities. It is afterwards finished by ])olishing and sha])ing of the edges. 

The hub bosses, which are usually of cast aluminium, arc fitted to the 
center of the blade, and the air screw is ready for balancing and assembly. 
The twisting of the blades for pitch is effected in very simple presses of 
low power, and to some extent it is possible to alter a propeller. Retwist- 
ing can be effected up to 2 degrees or 3 degrees without heat-treatment, 
and in some cases slight rc-sha]>ing of the sections is possible. Although 
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an integral propeller, it has some measure of adjustability after trial, an 
advantage not possessed by the ordinary wooden propeller. 

In the proportioning of stresses exerted on the blades, in order to maintain 
the required pitch, there are involved calculation and formulas which differ in 
some degree from those used for Avood propellers, necessitating a depar- 
ture from established precedents. There is no doubt, however, but that 
propellers of this type can be adapted for use up to the highest powers and 
speeds; in fact, at the j)resent time, they are probably superior in efficiency 
to any other. Being made of solid duralumin, or an alloy Avith similar 
physical properties, and in a single piece, it has no hollow space, weldings 
or rivets. Its weight is almost the same as that of a wood propeller of the 
same area; and while the advantages of metal oA^er wood are generally ac- 
cepted, its su])erior aerodynamic jirojierties are still the prominent and 
essential factor. This latter feature is due to the thinness of the blades, 
the use of which without deformation under conditions of service, has been 
made possible in the Reed pro])cllcr. 



Fig. 238. — Comparing Sections of Usual Wood Propeller with Corresponding Sections 

of Reed Duralumin Propeller. 


This i^ropeller may be classed as scmi-flexil)Ie. It is made of rolled sheet 
metal inch to 1 inch thick, annealed, and cut to the desired shai)e. The 
tai:)ering in thickness is begun a short distance from the hub-center and is 
continued straight to the tips, at which point the thickness is from 1/10 
inch, to 3/16 inch. The back surface of the tapered ])ortion is cambered, 
j)roducing an approved airfoil section, at least, from the 30-inch station out, 
with loAver surface flat and u])])er surface cambered. The blades are tAvisted 
to the proper pitch and heat-treated, after which the/ are drilled to admit 
the propeller shaft and then mounted, either on one of the regular wood 
propeller steel hubs by means of a filler block, or on a specially shaped 
steel hub as shown in Fig. 237. The propeller is then rigid at the center 
and progressively flexible toward the tips. 

In order to further present the theory of this propeller, attention may 
be given to Fig. 238, in which the appnjximate profile of a typical wood 
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propeller and that of the Reed propeller at the same radii, are given, the 
peripheral speeds in feet per second for an 1,800 r.p.m, being: 

Radii: 6 inches, 12 inches, 18 inches, 24 inches, 30 inches, 36 inches, 42 
inches, 48 inches, 54 inches, 60 inches. 

F. P. S.: 94.2, 188.4, 282.6, 376.8, 471, 565.2, 659.4, 753.6, 847.8, 942. 

The performance of airfoils is generally assumed to agree with the re- 
sults obtained in wind tunnel experiments which have been made up to 250 
ft.p.s. only, with interpolations for greater speed up to 900 ft.p.s., the latter 
being accepted without question, although based upon assumption. In 
considering speeds which approach the velocity of sound there is reason, 
however, for not relying upon inter])olation, the indications from results 
for speeds approaching 1,100 ft.p.s. being that there is no longer only the 
increase in pressure on the rear surface and a diminution on the front sur- 
face, both contributing to a useful thrust, hui also a compression wave 
which accumulates around and on both sides of the leading edge and a 
similar rarefaction wave at the trailing edge. 

These pressure waves spread forwardly as well as aft in relation to the 
course of the airplane, and, therefore, not contributing to thrust, absorl) 
and waste power. As affecting the velocity of Inillets, Professor Boys' 
photographs of bullets in flight, made first in 1893, and described in ^'Na- 
ture," March, 1893, and also in Smithsonian Institution reports of 1893 
(similar photographs are now I)eing made l)y Major Whcclock at the 
Frankfurt Arsenal) throw much light on this sulqect, demonstrating that 
slowly-moving bullets, having a speed of not over 800 ft.p.s., may have 
quite a blunt nose without creating a compression wave; but as the velocity 
approaches and exceeds 1,100 ft.p.s., the compression waves become the 
chief consideration, and are reduced only by the use of a sharp nose, or a 
small angle, and a cut-away tail. 

In the Reed proj)e]Ier the l)ladc sections up to approximately 36 inches 
from the hub-centcr, travelling at about 600 ft.p.s., could, therefore, have 
reasonably thick sections with blunt edges, but beyond this station the 
thinness of profile and sharpness of edges l)ecoTnes a very material factor; 
and in the eight or ten inches of the ti]), a portion which contributes largely 
to thrust, it is a matter of serious importance whether or not the leading 
edge is blunt or sharp, and with a low angle of edge. 

Another advantage, by no means negligible, is afforded in the Reed pro- 
peller, in the thrust created ])y the profiles toward the root of the l)lades. 
Although comparatively small, this portion contributes to thrust and also 
produces a cooling Idast of air against the nose of the fuselage, which is 
very serviceable when a radiator is used at that point. The profiles in this 
portion of a wood propeller, as shown in Fig. 14, are thick and poorly 
shaped, serving more in the capacity of strength, and do not create enough 
thrust to carry even their own weight. It may, therefore, be theoretically 
concluded that the higher efficiency of the Reed propeller is due somewhat 
to the structure at this point, the determinations, based upon experiments, 
indicating that the net average advantage gained is at least 6 per cent. 
Considering radial tension as existing specifically in the Reed propellers on 
account of centrifugal force; calculations reveal that under a speed of 
2,000 r.p.m. the tension does not exceed 8,000 pounds per square inch of 
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section, and moreover, under 3,000 r.p.m. the tension does not exceed 60 
per cent of the breaking strain claimed for the material. 

In the matter of pitch constancy when properly proportioned the pro- 
peller will maintain its pitch under a power absorption of 50 per cent in ex- 
cess of that for which it is designed- Other features of value, not contained 
in the usual wood propeller, will be readily appreciated, i.e. the pitch is 
adjustable, and on account of the ductility of the material, the blades can 
be twisted back and forth a number of times without injury to the material 
until the desired pitch is obtained. Furthermore, in the case of accidents, 
causing a moderate deformation, it is possible that the original shape may 
be completely restored. Still another feature, made possible by the thin- 
ness and flatness of the blades at the root, is that by crossing a two-blade 
propeller, a four- or six*blade propeller is easily provided or if preferred, 
two or more can be mounted in tandem. The manner in which two ])ro- 
pellers may be used to make a four-blade air screw is shown at Fig. 323 in 
Chapter 15 which shows the rear view of the power car of a small dirigible 
balloon. 


Propeller Terms 
Miscellaneous 

blade back — The side of a ])ro])eller blade which corresponds to the upper 
surface of an airfoil. (Fig. 210.) 

blade face — The surface of a ])ropeller blade which corresponds to the lower 
surface of an airfoil. Sometimes called “thrust face” or “driving face.” 
(Fig. 210.) 
propeller : 

adjustable pitch — A propeller whose blades are so attached to the hub 
that they may be set to any desired pitch when the propeller is sta- 
tionary. ^ 

controllable pitch or variable pitch — A propeller whose blades are so 
mounted that they may be turned about their axis to any desired pitch 
Avhilc the pro])elIcr is in rotation. (Figs. 229, 230, 232 and 234.) 
propeller blade — See blade back, blade face, blade width ratio, 
propeller boss — The central portion of a i)ropeller in which the hub is 
formed or mounted. (Fig. 221.) 

propeller hub — The metal fitting inserted or incorporated in or with a pro- 
peller for the ])nr]K.)sc of mounting it on the projieller or engine shaft. 
(Fig. 215 and 219.) 

propeller root — That part of the jiropcller blade near the boss. (Fig. 221.) 
pusher propeller — A propeller mounted to the rear of the engine or propeller 
shaft. (It is usually behind the wing cell or nacelle.) 
spinner — A fairing of ap]:)roximately conical or paraboloidal form, which is 
fitted coaxially with the propeller boss and revolves with the propeller, 
tipping (propeller) — A sheet metal (or equivalent) protective covering of 
the blade of a propeller near the tip, extended a short distance along 
the trailing edge and a considerable distance along the leading edge. 
(Fig. 217.) 
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tractor propeller — A propeller mounted on the forward end of the engine 
or propeller shaft. (Tt is usually forward of the fuselage or wing 
nacelle.) (Fig. 228.) 


Aerodynamical 

angle of propeller blade — The acute angle between the chord of a propeller 
section and a plane ])eri)cndicular to the axis of rotation of the i)n>- 
peller. Usually called “blade angle. (Fig. 210.) 

aspect ratio of propeller blade — Half the ratio of propeller diameter to maxi- 
mum blade width. 

blade-width ratio— The ratio of the developed width of a ])ropeIkT blade at 
any point to the circumference of the circle whose radius is the distance 
of that point from the pro])eller axis. 

effective helix angle — The angle of the helix described by a i)articular ])oint 
on a propeller blade as the airplane moves forward through air other- 
wise undisturbed. It is ecjiial to the angle whose tangent is the ratio 
of the velocity of flight to the product of the four quantities : 27 r, r (the 
distance from the axis to the ])oint in (|uestion) and n (the number of 
revolutions per second), i.e. 

\2nrn/ 

effective* thrust — The net driving force delivered by a ])ropeller when 
mounted on an airplane; i.e., the actual thrust given by the propeller as 
mounted on the airplane minus any increase of resistance of the air- 
plane ])roduced by the action of the propeller. 

indraft (inflow) — Tlie flow of air from in front of the pro])eIlcr into the 
blades. 

pitch of a propeller : 

effective — The distance which an aircraft advances along its flight path 
for one revolution of the propeller. Its symbol is 
geometrical — The distance which an element of a ])rt)])eller would ad- 
vance in one revolution, if it were moving along a helix of sloi)C equal 
to its blade angle. 

mean geometrical — The mean of the geometrical pitches of the several 
elements. Its symbol is 

standard — The geometrical pitch taken at tw^o-thirds of the radius. Also 
called “nominal pitch. “ Its syml^ol is ])^. 
zero thrust — The distance which a propeller would have to advance in 
one revolution in order that there might be no thrust. Also called 
“experimental mean ])itch.” Its symbol is 
zero torque — The distance which a i^ropeller w^ould have to advance in 
one revolution in order that the torque might be zero. Its symbol is p^. 

pitch ratio — The ratio of the ])itch (geometrical, unless otherwise stated) to 
the diameter. p/D. 

pitch speed — The product of the mean geometrical pitch by the number of 
revolutions of the propeller in unit time; i.e., the speed the aircraft 
w'ould make, if there were no slip. 
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propeller area, projected — The total area in the plane perpendicular to the 
propeller shaft swept by the propeller, excepting the portion covered 
by the boss and that swept by the root of the blade. This portion is 
usually taken as extending 0.2 of the maximum radius from the axis of 
the shaft. 

propeller-blade area — The area of the blade face, exclusive of the boss and 
the root, i.e., of a portion which is usually taken as extending 0.2 of the 
maximum radius from the axis of the shaft, 
propeller-camber ratio — The ratio of the maximum thickness of a propeller 
section to its chord. 

propeller-disk area, total — The total area swept by a propeller; i.e., the 
area of a circle having a diameter e([ual to the ])r()peller diameter, 
propeller efficiency — The ratio of thrust power to power input of a propeller. 
Its symbol is -q. 

propeller interference — The amount by which the torcpie and thrust of a 
propeller arc changed by the modification of the airflow in the slip- 
stream produced by bodies placed near the pro])cller such as engine, 
radiator, etc. 

propeller-load curve — A curve representing the engine ])ower necessary to 
drive any given proi^eller at various s])ecds. The power required varies 
api)roximatelv as the cube of the speed in r.p.m. provided the ratio 
V 

remains constant. 

NT) 

propeller rake — The mean angle which the line joining the centroids of the 
sections of a ])ropeller blade makes with a ])lane perpendicular to the 
axis. 

propeller section — A cross-section of a propeller ])ladc made at any point by 
a i)lane parallel to the axis of lotation of the propeller and tangent at 
the centroid of the section to an arc drawn with the axis of rotation as 
its center. (h"ig. 211.) 

propeller thrust — The com])oncnt parallel to the pro])eller axis of the total 
air force on the ])ropeIler. Its symbol is T. 
propeller torque — The moment a])plied to the propeller by the engine shaft. 

Its symbol is Q. 

propeller-width ratio, total — 'Plie product of blade width ratio at the ])oint 
of maximum blade width by number of blades, 
propulsive efficiency — The ratio of the ])roduct of effective thrust and flight 
speed to the actual ])ow'cr in])ut to the ])roj)eller as mounted on the air- 
plane, consistent units being used throughout, 
race rotation — The rotation, ])roduced by the action of the propeller, of the 
stream of air passing through or influenced by the propeller, 
slip — ^^The difference between the mean geometrical ])itch and the effective 
})itch. Slip may be exju'cssed as a ])ercentagc of the mean gc(mictrical 
])itch or as a linear dimension. 

slip function — The ratio of speed of advance through the undisturbed air 
to the ]jroduct of ])ro])eller diameter bv the niiniber of revolutions in 

V 

unit time, i.e., . The slij:) function is the primary factor ct)ntrolling 

N 1) 
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propeller performance. It is tt times the ratio of forward speed to the 
tip speed of the propeller. 

slipstream — The stream of air driven astern by the propeller. (The indraft 
is sometimes included also.) 

static thrust — The thrust developed by a propeller when rotating at a fixed 
point. 


QUESTIONS FOR REVIEW 

1. What is “pitch” of a screw? 

2. What is the difference ])etween a screw working in a fluid and one working in 
a solid medium? 

3. Define “mean-effective pilch,” “disc” theory, “blade” theory. 

4. Where is the “face” of a propeller blade located? 

5. Outline briefly method of making wood propellers. 

6. Name important woods used in propeller manufacture. 

7. Name some disadvantages of wood propellers and care taken when in storage. 

8. Why are w'ooden propellers tipped and what materials arc used for the purpose? 

9. Outline main types of metal propellers and describe manufacture of Curtiss- 
Reed type. 

10. What are the advantages of variable pitch propellers and describe a typical 
method of changing blade angle in flight? 



CHAPTER XII 

AIRPLANE EQUILIBRIUM AND CONTROL PRINCIPLES 

Airplanes Move on Three Axes — Co-incidence between Centers of Pressure and 
Gravity— Forces Acting on Airplane in Flight— Table XX, Schedule of Weights 
and Moment Arms in USD-9 A Plane — Factors Regulating Equilibrium and Sta- 
bility-Effect of Wind Gusts— Why Small Control Surfaces are so Effective — 
Control Methods of Early Airplanes — Standard Control Systems — Functions of 
Balanced Control — Merits of Different Balancing Methods — Dovetail Balance- 
Faired Contour Balance — Overhung Balance — Why an Airplane is Banked in 
Turning — How Rear Stabilizer Works — Adjustable Stabilizers — Control Surface 
Area — Table XXI, Proportions of Control Surface Area to Main Wing Area— 
Tail Surfaces and Ailerons— Airplane Control at Low Velocities — Controls Inef- 
fective at Low Speeds — Slotted Wings for Low Speeds — Handley-Page Wing- 
Wing with Fixed Center of Pressure — Anti-Stalling Gear — Ground Run of 
Airplanes — Instruments for Navigating Airplanes — Suggestions for the Student 
in Flying— Run Motor Slowly to Warm it— How to Take-off— How to Attain 
Altitude and Handle Machine — Precautions when Landing — Danger in Stalling — 
Control in Making Turns— Flying Learned Only by Practice— Fuel Economy in 
Flying. 

The reader is undoubtedly familiar, in view of the matter previously dis- 
cussed, with the g-eneral princij)1cs involved in airplane sustentation and 
luilance. The various parts of tlie machine have been outlined fully and 
the functions of the different control elements should be well recognized. 
Jlefore descril)ing‘ the two most popular control systems it may be well to 
go a little dee])er into the subject of airplane stability. 

Airplanes Move on Three Axes. — Aircraft must be capable of movement 
in three dimensions, and it will be seen hy reference to Fig. 239 there are 
really three axes about which the air])lane may move. The longitudinal 
axis indicated by the line XX is the one that passes from the front to the 
rear of the fuselage. The lateral axis indicated hy the line YY passes 
from wing tip to wing tip. The vertical axis ZZ passes through the center 
of gravity of the machine and is the jiivotal point about which the yawing 
movement takes place. This movement is controlled by the vertical rud- 
der which is inclined to one side or the other so that the air pressure against 
it will cause the tail of the machine to swing toward the side opposite to 
that to which the rudder is inclined. The lateral or Y axis is the one about 
which a pitching movement takes place, this being controlled by elevator 
flaps which regulate the rise and fall of the tail a1)out the axis YY. When- 
ever the ailerons are operated a rolling motion of the macliine takes place 
with the axis XX as the pivotal line for the lateral movement. 

Coincidence Between Centers of Pressure and Gravity. — The impor- 
tant condition that must be oI)served to secure the steady suj)port of any 
plane body in the air is that there be a coincidence between the centers of 
pressure and gravity, or at least that these have such relation to each other 
that any additional forces brought into play may be counterbalanced. As 
we have seen, the effect of air in motion under an inclined cambered plane, 
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or the motion of an aerofoil through the air, is to create certain positive 
and negative pressures which up to a certain point vary as the angle of 
inclination of the plane with the relative wind and the velocity of the 
plane movement through the air. Some of the conditions which must be 
observed in securing equilibrium are clearly outlined at Fig. 240. 

Forces Acting on Airplanes in Flight. — As the diagram at C, Fig. 241, 
shows, there are four different forces acting u])on an air])lane while it is 
in flight. The attraction of gravity, which is re])reseiited by the total 
weight of the machine, acts downward from the center of gravity of the 
body. The lift is the force o])])osed to and e([iial to or exceeding the weight 


XX* Pivofal Lme for Lateral t4ovemenf 



Y - « " '• Pitching 

7 - •’ ” Yaw mg 


Fig. 239. — A Diagrammatic Representation of the Three Axes about which Movement 
of an Airplane in Flight may Take Place. 


force and acts in the opposite direction or upward. 4'his lift is, of course, 
created by the supi)orting action of the wings or some of the other parts 
of the machine and acts upward through the center of j)rcssure. As has 
been previously ex]dained, there is a certain resistance offered by the whole 
machine which is due to 1)oth the unavoidable resistance met with in forc- 
ing the lifting surfaces through the air and the ]:)arasitic resistance (which 
can be reduced by skilful designing) Avhich is due to the non-lifting por- 
tions of the machine, such as the struts, landing' gear, bracing wires and 
skin friction of the fuselage. This force is represented by the line of re- 
sistance and it acts through the center of resistance. This must be over- 
come by the traction or ])ull of the propeller in a tractor biplane and by 
the push or thrust of the propeller in a pusher type machine, which force 
acts through the center of thrust. When an airplane is in normal horizon- 
tal flight, it is evident that the traction must equal the resistance or be 
greater than the resistance and the lift must equal the weight or be greater 
than the weight. To secure a balance or have the machine in a condition 



AIRPLANE CONTROL PRINCIPLES 


487 



Fig. 240. — At the Bottom is Seen the Effect of the Opposite Forces of Lift and 
Gravitation to which an Airplane is Subjected in Normal Flight. The Diagrams at 
the Top Show the Effect of Shifting the Center of Gravity Relative to the Point of 

Support. 

of equilihritim at all times, the forces must meet at the center of gravity 
of the airplane or -the disposition of the centers of tlirust, gravity, pressure 
and resistance in relation to each other must be so that balancing forces 
will be present. Tt is not within the purpose of a discussion of this nature 
to go very dec])ly into the subject of forces and movements, but it* may 1)e 
well to secure an understanding of some of the simpler rules that must l)e 
considered in connection with the arrangement and location of the control 
surfaces. 

We can assume tlia^there is one ])oint on the airjilane structure where 


A 



Fulcrum—'" Lever 

Showing Principl« of Leverage Involved tn Airplane Control 



Fig. 241. — Illustrating the Action of Traction, Resistance, Lift and Gravity on an 
Airplane. At the Top is an Illustration of the Part which Leverage Plays in 

Airplane Control. 




Fig. 242. — Balance Drawing for USD 9 A when Used as a Reconn aisance Plane or a Light Bomber. Note Slight Change in 

Position. Values for Various Station Numbers are Shown at Table XX. 
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Schedule 


No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

111 


12 


14 

15 


17 

18 

19 

20 


21 

22 

23 

24 


29 

27 


28A 


29 


30 

31 

32 

33 

34 

35 
39 


TABLE XX 

of Weights and Moment Arms — USD-9 A — Moments taken about 
of propeller hul) 


Memlu’r of jjrnup and individual wei^yhts 


Total wt, 
of groups 
— lbs. 


Propellvr, 45.00 — hub, 20.7.5 — liolts and nut.'t, 4.00 

Radiator, 95.00— contents, 63.00 — slmtlcr, 11.50 — eowlni^?, 4.60.,.. 
Basic engine and additions, 840.90 — carburetor control, 4.80 — water 

contents, 37.00 — synchionizer, 2.25 — engine cowling, 15 00 

Oil tank, 27.75 — contents, 96.00 — connections, 1.50 

Exhaust manifold, 22 50 

Radiator connecting pipe hetween radiators, 7.00 — contents, 12.00.. 
Auxih.iry radiator, 35.2.5— t'cmtents, 13.00 — lift mechanism, 5.00.... 

Heating and lighting generator, 21.50 

Wiitless generator 

Landing gear, complete with cross wiring, 149.00 — low-tension wir- 
ing, 3.00 — front intcnihine struts, 41.50 — aileron control wires, 

1 5 00 

Holt flaic and wing tip lichts 

Main gasoline tank, 133 2.5 — lontcnts (134 gal), 795.0(1 — gasoline 
tank cowling, 11,00 — gun (fixc-d), impulse cable and thrust tube, 

2.50 

(liavity gasoline tank, 16.50 — contents (8 gal.), 47.9(1 — connections, 

2 25 

Upper wing, covered, with ailerons and fittings, 2.12 00 -- center wing 

section, covered, and all fittings, 25.50 

Intcrplane wires, 38 00 

Wing bombs (50 Ihs. X 6), 300 00 — wing bomb gear member',, re- 
movable, — wing bom!) g< t mendicrs, n<»n-removah’e, 13.75.. 

Lower wing, i overt d, with ailtrons and fillings, imludmg wing 

skids, 240 00 

Wing skids ('included with group 10) 

Rear interplanc sliuts, 37 50 

Ne It (induded ' . 

dun (fixed) and att.u hinetils, 24 50 — gun mount and chute, 6 25 — - 
gun cowling, 10 50 — .iinrininitton box, (» 55 — /SO lounds ammuni- 
tion, with belt, 49 20 — windshield, 2 90 — Alilis .sight, 3 3S"'-nng- 

and-head sight, 0 45 ... 

Fuselage bombs (110 lbs. x 2), 229 00 — bomb-gear, 4.00 — homh- 

gcar brackets, 2.00 .. . 

Instnniieiits, front, 13,04 — st(»rage halttiy, 10 75 — stor.igt -battery 

box, 1.50 ....... . . . . 

Fuselage (incliidts .ill built-in parts), 340 00 . . 

I’llot, 180 00 — clothing, 7 00— sell and belt, 11 O') — ludder-har, 3 00 
— ox>gcn system, .51 00 — stahdi/.ci contiol wlitcl, 2 ()()-— radiator 
(ontrol lever for shmieis, 3 50 — ^.luxiliary radiator control wheel, 
J 25 

Aileron and eh^ator contnd, compUte, 22.00 — gun (fixed) opeialmg 

t ontrol, 1 25 

Wireless tuning and filler box, 1875 

Intel phone box, 1 00 

( 'oelqnt light, 2 00 

Bombing ohseiver, 180.00 — clothing, 7 00 — -cat and belt, 1100 — in- 
struments, rear, 2.70 — ^sc.trll mount, 26 00 — ^guns (turret) witJi 
mounting and hags, mcliidiiig ni.iga/ines loatled, 62.50 — Wimpeus 
hoinb-sight, 4.35 — bomb-sight tr.ip do»»r, 2 13 — hoinh-release han- 
dle, 2 00 — rudder-bar, rear, 2.00 — fire extmgiu.sher, 6.5(J — inttr- 

phone and wiring, 2.75 

Reconnaissance observer, 180 00 — clothing, 7.O0 — seat and belt, II 00 
— instruments, rear, 2.70 — scarfT mount, 26.00 — guns Ctuiret) with 
mounting and bags, including magazines l^iatlid, 62 50 — bond) 
sight trap-door, 2 3.1 — bomb-release handle, 2 00 — uidder-hai, rc.ir, 
2 ()0 — fire cxtmguisht r, 6 5 O- -interphone ami wiring, 2 75 extia 
camera magazine, loatled, 8.25 — wneless fair le.ids, anttrin.ie, nel 

and weights, 8 70 ... . 

Veiy pistol and twelve c.irtiMl'Tes ■ 

C'ameTa with plates, cradle and wnulsetiw, .17 — relt ase met li. 

nism and adapter, 3.30 

Rear light, 0 75 .. ... ■ 

Three-tiay rack with loaded ni.'iga/ine, 29 2.5 — ftve-ti.i> r.ick with 

Inadefl maga/iiie, 43.25 

Fuselage tail cowling, 10.00 — control wnes for eltv.ilor, rudder ami 

stabilizer, 9 20 

Tail-skid, complete, 8 30 

Stabilizer and bracing, 33 Of) 

Fins and attachments, 8.00 

Elevatoi and altachments, 18.90 

Rudder and attarhments, 13 85.. . 


69.75 

174.10 

899.95 

125.25 

22.50 
19.00 
53.25 

21.50 

19.50 


208.50 
5.50 

944.75 
66.35 

257.50 
38 00 

347.75 
240.00 
‘.17*50 


103.73 

226.00 


29 29 
3 10.00 


258 75 

23.25 
18 75 
4.00 
2 00 


309 13 


321.73 

5.00 

41 05 
0.75 


()9.50 


19.20 
8 30 
33.00 
8.00 
18.60 
13.85 


rear face 


Arm- 

in. 


—4.00 

6.00 

29.00 

34.00 
35 00 

40.00 

60.50 

67.50 
67.50 


77.50 

85,00 


86.00 

89 SO 

89 50 
96.50 

98.75 

103 50 


112 50 


123.50 

123.75 

127.50 

127.75 


145 00 

150.00 
160.00 
169 00 
175 00 


179.00 


179.00 

197.00 

200.00 
200.00 

200.00 

225.50 
273 00 

298.00 

303.50 

328.00 

333.00 
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the sustaining effect will l)e centered and this point, known as the center of 
pressure will be as shown in the lower portion of Fig. 240, approximately on 
the line of the main wing spars at the center of the fuselage and is some- 
times kiKAvn as the center of lift. The center of gravity is that point in a 
body where all other parts acted upon by the attraction of gravity balance 
each other about it in every position. The force of gravity acts in ])arallel 
lines on every part of a Ixxly regardless of its shape and therefore the center 
of gravity must be that point through which a resultant of all these parallel 
forces is directed in every position of the body. Attention of the reader 
is directed to the diagram at Fig. 242 which shows Avhat is known as a 
“balance” drawing among aeronautical etigineers. The various groui)s 
comprising the total weight are numbered, and by consulting the schedule 
of weights and moment arms enumerated in table XX for corresponding 
numbers, it will be evident that a very careful disposition of weights is 
necessary to secure balance of the airplane. 


Propeller 

)/ Radiator 
[ Motor 
! Compartment 


Upper. Aerofoil 


Balanced Rudden 
yertica! 



\Eleyfator 


Fig. 243. — USD 9 A Reconnaissance Machine, an Obsolescent Type, in Flying Position 
Showing C. G. on Line of Propeller Tractive Effort. 

If one considers a l:)all or sphere of uniform density, the center of 
gravity would be exactly at its center. The location of the center of 
gravity in irregular shaped objects depends ui)on where the greater por- 
tion of the weight lies. Naturally it Avill be nearer the heavy ])arts than 
the light parts. If one considers the sketch of the airplane shown at Fig. 
243, which shoAvs a side view of a DII9 reconnaissance i)lane, a wartime 
design now obsolescent, the a])proximate location of the center of gravity 
may be readily determined. It is near the front end of the machine be- 
cause the power plant and fuel tanks, Avhich are the heaviest parts, are 
carried at that end. As will be observed, it is situated at a point about 
one-third of the chord of the lower wing, where the center of pressure for 
that wing is located. In the flying boat shown diagramatically at Fig. 244, 
owing to a different disposition of power plant w’cight, the engines, in this 
case, (not shown in diagram) being mounted in the wing structure, the 
center of gravity is also located at the best point in relation to the wing 
structure and the center of sup])ort of the aerofoils, despite the weight of 
the overhanging front portion of the boat hull. The center of pressure 
shifts according to the angle of incidence and flying speed but it does not 
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vary enoug^h from the center of g-ravity to prevent proper balance being 
obtained by manipulating the tail controls in the range from zero to the 
“burl)ling’’ point. 

Factors Regulating Equilibrium and Stability.— To secure stable equi- 
librium of any l:)ody the point of support should coincide with the center 
of gravity. In considering the su])port of a body having three dimensions 
we must accept the l)ase at that area on a horizontal plane which is compre- 
hended by lines joining the extreme points of contact. Thus, the base of a 
box would be represented by a rectangular area while the point of supt)ort 
of a steel ball on a non-yielding surface would be a point. The larger the 
l)asc the more sta1)le a lK)dy is. The slightest touch will set a ball rolling, 
while it takes considerable effort to disturb the ecpiilibrium of a box. 


Mefacenfer <^Mf( Highspeed) 


Homorda! 

Sfahiliier 



Angle 5of InadpHie, deg 

Fig. 244. — Hew Metacenter Changes in Flying Boat-Seaplane with Changes in Angle 
of Incidence. Note Location of C. G. below Thrust Line. 

If a \'ertica] line drawn from the center of gravit}\ which line is known 
as the line of direction or nietacentcr falls Avithin the base of the body, il 
is said to be in stable e(|uilibriuni. If it falls at or near the edge or bas'e 
of the body, it is in unstable e(|uilibrium, aiul the slightest force will cause 
overturning. This point can be readily demonstrated by ti])])ing a box so 
that it will stand on one of its edges instead of on its side or liasc. If 
the line of direction falls outside the base, the body is not supported. 

What is true of a body supiiorted on some ..olid sub.stance ap])lies just 
as well to a plane sui)i)ortcd hy air reaction. This ]K)int can be made clear 
by examining the illustrations at to]) ol Fig. 240. In this case a ])ivot is 
used as a jioint of supiiort and a block is carried by a iilate whicli is sup- 
ported by the pivot point. At A the center of gravity is directly over the 
l)oint of support and the plate is l)alanccd. At P>, the body has been shifted 
on the ])late, the latter lieing undisturbed. The center of gravity of the 



492 


MODERN AIRCRAFT 


combination is now to one side of the point of support and the plate is in 
unstable equilibrium. Referring to D, instead of being supported by a 
solid pivot point, the plate representing an aerofoil is supported by air and 
two weights are provided, one at each end. If the weights are so placed 
that their centers of gravity are the same distance from the center of the 
plate, the center of gravity of the combination may be assumed, for the sim- 
plicity of illustration to be at the center of the ])late. The center of pres- 
sure, due to air reaction, will be at the same point and the plate will be in 
a condition of equilibrium. As shown at H and F, moving the weights will 
change the center of gravity in relation to the center of pressure and cause 
tipping of the plates. The airplane shown at tlie bottom of Fig. 240 has the 
center of lift or pressure directly al)ove the center of gravity and the ma- 
chine, when in normal flying position, is in a state of equilibrium. 



Fig. 245. — The Depardussin Racing Monoplane of 1912, a Pioneer Form Showing 
Advantages of Thorough Streamlining to Secure High Speed and Compactness in 
Placing of Weights to Secure Easy Control. 

Air Pressure Varies. — As has been ])reviously indicated to some extent, 
there is a variation in the air ])ressure u])on a ])lanc in flight which cannot 
be absolutely pre-detcrmiiied on account of changes in wind movement and 
temperature as w^ell as altitude of plane. The air itself is never at rest. 
It moves upward as it becomes heated and moves down as it is cooled and 
moves sideways, depending upon configurations and nature of the earth’s 
surface w'hich, of course, varies according to locality. There is nothing by 
which movements or velocity of m()veinents of the air can be predicted or 
known with certainty for even a brief ]jeriod in advance. The pressure 
upon a given area is never constant and, as will be apparent, the center of 
pressure on an aerofoil will shift constantly and there will be considerable 
variation between it and the center of gravity. 

Effect of Wind Gusts. — For example, a gust of A\ind striking one side 
of an airplane in a position of ecpiilibrium will ])roduce added lift on that 
side if it strikes under the wing, and added weight on the side where its 
force is exerted if it strikes the upper part of the wing. In either case the 
effect is the same as though the center of gravity were shifted in relation to 
the centei; of pressure or point of support, and the airplane will tip. This 
movement is counteracted by altering the position of the ailerons from a 
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neutral position so that the one on the high side is tilted ’Up so the air 
strikes its upper surface and ])ushes the high wing down while that on the 
low side is tilted down so the air pressure strikes its under surface and 
tends to lift the low wing up. 

Why Small Control Surfaces Are so Effective. — The reason why an 
aileron or other controlling surface of relatively small area may give posi- 
tive control is because it is carried at the end of the wing and considerable 
leverage is obtained. Referring to the diagram at Fig. 241 A, we have a 
condition where lever arms are of equal length, i.e., the fulcrum or point of 
support is just midway between the two l()0-pound weights. The com- 
])ination is therefore in a condition of balance or equilibrium. As shown 
at R, if the point of support is shifted so that it will be near one end of 
the lever it will not take as much Avcight to balance 100 ])ounds as it did 
in the case outlined at A, where the weights Avere e((ual. \^"hen the long 



Fig. 246. — The Two Types of Airplanes Used at the Front, Showing the Character- 
istics of Each Affecting Maneuverability of Long and Short Types. 

arm of the lever is three times the length of the short arm, it will take but 
one-third of the Aveight to secure a balance. The actual figures Avill vary 
somewhat from those used because in the example the Aveight of the long 
arm of the lever itself must be taken into consideration, so that somewhat 
less than one-third the amount of AA^eight mounted on the short arm of the 
lever can balance it if j)laced at the end of the long arm. 

In an airplane Ave have a condition similar to that shown at B. The 
center of gravity of the machine is near the heavy enrl or front as shoAvn at 
Fig. 243 and it Avill take but little Aveight or pressure at the end of the long 
arm to balance the considerably greater Aveight at the front of the machine. 
In air])lane design Ave therefore have two classes of jilapes as illustrated at 
Fig. 246. The short type airplane is the one adapted for quick manceuvers 
because the lever arms are short and the control surfaces do not have to 
move as much to ])roduce a given degree of inclination. In the large ma- 
chines a different disposition of Aveights, such as produced by having a 
cockpit for a gunner extending some distance in front of the airplane and 
engine mounted in the wing cellule will call for a proportionately longer 
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fuselage to obtain the required balance. An airplane having longer lever 
arms cannot move as quickly as the close coui)led type, so the radial type 
of engine permits of airj)lane design that will be easily and quickly ma- 
neuvered, l^ecause the front or short lever arm is very close to tlie center 
of pressure or ])oint of support or to the center of gravity, which is the 
point about which the designer assumes the airplane pivots when controls 
are actuated. 

Control Methods of Early Airplanes. — The system of plane war])ing 
which was used in the early Wright creation by Avhich the supporting wings 
were distorted at the ti])s is now ol)solete, and all machines of modern de- 
sign have ailerons or wing flaps to secure lateral control. T.ongitudinal 
stability has always depended on surfaces carried far enough back of the 
center of gravity so that a relatively small inclination would raise or de- 
])ress the tail, or, in the case of the vertical rudder, Avould sw ing it from side 
to side. In the early days there was considerable variation in the methods 
of actuating the surfaces for securing a change in direction and equilibrium. 
The movements required to control an airplane in its flight are usually 
three. 



Fig. 247. — Diagram Showing Wing Warping Control System on Early Wright 

Airplane. 

Tn the early Antoinette mono])lane'machines steering was by the usual 
form of rudder bar, elevation was controlled by a hand wheel at the right 
of the ])ilot and the lateral balance was controlled by a hand wheel at the 
left of the pilot. Tn the early Bleriot, steering was by the feet while a 
single-lever control regulated the elevation by being ])ushed forward and 
backward and the wing warping by being moved from side to side. This 
was the forerunner of the present stick control system wdiich is almost uni- 
versally used on the ligdit, speedy types of aircraft. Tn the pioneer Wright 
machine steering and plane w^arping were controlled by one lever while 
elevation was controlled by another. The pilot had both hands fully oc- 
cupied, one at each lever. In the Voisin type machines first built, steering 
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and elevation were controlled by a wheel, the former by turning the wheel 
and the latter by pushing it and the steering post on which it was mounted, 
back and forth. V ertical partitions of fabric were used between the planes 



Fig. 248. — Control Systems Used on Early Curtiss Airplanes. 


ill an endeavor to maintain transverse staliility without using either wing 
Avarjiing or ailerons. This system was not successful and was soon aban- 
doned. In the Farnian machines, steering to the right or left was obtained 
with the rudder bar worked by the feet, while a single lever was pushed 
back and forth for elevation and n.cked to the right or left to o])erate the 
Aving nai)s. In the first C'urtiss maoliines steering was by a hand wheel, 
elevation Avas obtained by rocking the steering p()sl back and forth, Avhile 



Fig. 249. — The Control of Early Bleriot Monoplanes was the Same in Essentials as 

the Stick Control now Used. 






the ailerons were actuated hy a nioval)]c seat l)ack or shoulder rest actuated 
by the operator’s body. It was believed that the operator would lean to- 
ward the high side instinctively and by so doing would tilt the ailerons 
at the high side so the wind Avoukl strike the upper surface and move the 
high side down. (See Fig. 248.) 





- Verti'ca} Rudder 



Standard Control Systems. — At the present time l)iit twt) systems of 
control are used, the Dep., which is an abbreviation 'for Depardussin, who 
invented the system, and the simple stick control. The former is shown 


Fig. 251. — Dual Stick Control System Showing all Cables and how They are Connected to the Control Members. 
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at Fig. 252. It consists of a hand wheel mounted on a control bridge, the 
relation of the parts being such that the hand wheel may be oscillated at 
the same time that the control bridge is pushed back and forth as desired. 
The steering on a horizontal plane is obtained by a foot bar. It is pushed 
with the right foot to make a right turn and with the left foot to make a 
left turn. The control bridge is pushed forward to make the airplane go 



Fig. 252. — How Stick Control Operates Ailerons Shown at Top. Elements of 
Standard Dep. Type Control Shown below. 
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down and pulled back toward the operator to make it go up. The balanc- 
ing control wheel is rocked toward the right side of the machine if the 
right wing is up and to the left side if the right wing is down. The method 
of running the control cables to secure the proper movement of the vari- 
ous elements when the dual Dep. system is used is clearly outlined in Fig. 250. 

The stick control system, which is shown at Fig. 251, has practically the 
same movements as in the Dej). system. Altitude control is secured by 
moving the stick forward to have the plane go down and to pjiill it tow^ard 
the operator to have the ]dane go up. The balancing control is by rocking 
the stick from side to side. Directional control on a horizontal plane is 
obtained by the same tyi)e foot bar as used with the Dep. system. The 
diagram at Fig. 252 shows how the cable may be connected up to 
operate the aileron by means of the stick. With the hand wheel the cable 
is passed around the control drum or large hub just as in a motor boat 
steering-gear, or to prevent danger due to slii)ping, a short length of chain 
])assing over a sprocket actuated by the wheel may be joined to the cable 
ends. This method is su])crior to the drum type control, which docs not 
always act positively and which is dangerous. Wheel control is used only 
on the heavy machines, the stick control being generally used on all small 
and medium sized airplanes. 

Function of Balanced Control. — In order to secure easier control of an air- 
])lane and lessen the amount of force exerted by the operator, some air- 
])lane designers provide projections from the main control surfaces which 
assist the operator in keeping the member in the proper position. The 
I'okker triplanc a type used by the Germans in the late war, has these 
balancing portions on all of the control surfaces. For example, to keep an 
aileron pressed down against the air reaction re([uires considerable effort 
on the part of the pilot, es])ecially on high-s])eed or large machines. The 
dap or projecting portion of the aileron, which is on the other side of the 
]nvotal point, receives the air pressure on its lower surface and this force 
assists the o]:)erator in kee])ing the aileron pulled dowm. The same thing 
a])plies if the conditions arc reversed. In this case the air j)rcssure strikes 
the upper part of the balancing flap and assists the operator in keeping the 
aileron tilted up. The action of the projecting portions f)f the vertical rud- 
der and elevator flaps is just the same as that of the similar parts of the 
aileron. 

Various types of balanced control have been used in airplane construc- 
tion in the ])ast but this practice is not general today. Some designerfs 
I)rovide balanced members for ailerons, rudder and elevators, others bal- 
ance the rudder only, others the rudder and elevator. 

For example, the Fokker S3W has all controls balanced, while the 
Fokker F VII three motored airplane uses balance members on rudder and 
elevator only. The T.oening Amphibian has all surfaces balanced. The 
Stout-Ford monoplane has only a balanced rudder. Sikorsky, the Avell 
known Russian engineer does not balance any of his surfaces. The 
Travelair planes have the ailerons and rudder balanced. European prac- 
tice varies as much as American practice does. 

Various methods of arranging balancing members are shown at Fig. 
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254. At A is the simple balance used for rudders. The dovetailed balance 
for rudders or elevator flaps is shown at B. The faired contour balancing 
flap for ailerons, and sometimes used on rudders is shown at C. A small 
auxiliary wing is sometimes carried above an elevator or an aileron as 
shown at D, this being known as an “auxiliary"’ balance. The overhung 
balance is shown at E and may be used on any form of control surface. 
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Merits of Different Balancing Methods. — Commander J. C. Hunsacker, 
U. S. N., in a paper read before the S. A. E. discusses the matter of the 
different forms of control surface balancing members and summarizes the 
matter as follows: “The various means are 

(1) Free simple balance as used on the rudders of the NC flying boat 
and Caproni biplanes and triplanes, 

(2) Dovetailed balance as used on the rudders of Zeppelins and ailerons 
of many German airplanes. 

(3) Faired contour balance as used on the Hanriot C3 and Morane 
Saulnier C2 machines. 



Fig. 254. — Various Methods of Balancing Vertical and Horizontal Airplane Control 
Surfaces Designed to Make Their Operation Easier for the Pilot. 

(4) Auxiliary balance as used on many German seaj)lancs. 

(5) Overhung balance as used on the elevators and ailerons of the NC 
flying boats, the AKG bomber and Vickers Vimy. 

Regardless of the merits of the various types of balancing, the objects 
of balancing are first, the load on the control cable should be a minimum 
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for all conditions of flight without overbalancing or fluttering; second, the 
air resistance of the added balancing portion should be a minimum ; third, 
the added weight should be a minimum; and, fourth, from the structural 
point of view, the stresses introduced should be a minimum. 

The free simple balanced area, if made of a double-cambered airfoil hav- 
ing a small center of pressure movement, can be more nearly balanced for 
all flight conditions than any of the other types. Owing to the circum- 
stance that it is not preceded by a fixed surface, the area required to give 
proper control is, however, greater than for a trailing control surface, and 
the structural difficulty of providing efficient bracing is evident. The free 
simple balance can, however, be used very advantageously for rudders on 
machines with a biplane tail, as in the NC boats. There the center rudder 
is free and is used to balance the two outside rudders. This requires “over- 
balancing’’ the center rudder and connecting all three rudders to work in 
parallel so as to eliminate any tendency of the center rudder to flutter. 

Dovetail Balance, — The dovetailed balance cannot be recommended as a 
good type. If the hinge leakage were eliminated and the movement of the 
controls at high speeds were very small in amount, this type of balancing 
would no doubt be ideal from the standpoint of low air resistance. A move- 
ment of only a few degrees, however, will introduce a marked increase in 
drag, and at the same time the action of the airflow on the balancing por- 
tion is indeterminate, due to the turbulence introduced. At large angles of 
the control surface, the balancing portion is blanketed by the preceding 
fixed surface and the effectiveness of the combination is materially re- 
duced, due to the increased jiressure on the liack of the fixed surface. This 
form of balancing is rejected by naval architects, and it is interesting to 
note that in aeronautics it is becoming more rare. 

Faired Contour Balance, — The faired contour balance is often used for 
ailerons in order to ])reserve a fair form of wing tip which is supposed to 
confer some aerodynamic advantage. Such ailerons arc quite indeterminate 
so far as calculation of balance is concerned, due to the uncertainty of the 
angle of attack of the air striking the balancing portion. At large angle of 
incidence of the main wings, the air spilling under the wing tips produces 
abnormally high pressures on the balancing portion of the aileron and may 
cause overbalance and fluttering. The auxiliary balance has to date been 
used on only a few machines outside of Germany and its advantages are 
not well known. The area required should be small, and torsion in the 
control surface si)ar due to a balancing portion is eliminated. 

Overhung Balance. — The overhung balance, which is ])erhaps more 
widely used than any other type, seems to be the most desirable of the 
types in which a balancing area forms ])art of the control surface. The 
extension or balancing ])ortion is working in coiujuiratively free air and 
should therefore at all limes be unblanketed and free from mutual reac- 
tions with the fixed surfaces. It is possible to use a double-cambered sur- 
face for the extension which will operate equal!) well for positive or nega- 
tive angles of the control surface.” 

Why an Airplane Is Banked in Turning. — Anyone who has ridden a 
bicycle can appreciate the importance of j)roper balance, and knows that 
the' faster the speed the easier it is to maintain equilibrium. When round- 
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ing corners, the expert rider, by proper inclination of his body changes his 
center of gravity and is able to turn close and at high velocities, while 
others less expert must diminish speed and make a wide turn. It is well 
known that it practically impossible to turn a corner at speed without in- 
clining the body enough to overcome the tendency to resist change of di- 



Fig. 255. — Illustrations Showing how Control Klements are Moved to Regulate 

Airplane Flight. 

rection of motion. If we coiibidcr the laws of Newton as regards motion, 
we shall see that the property of inertia is that a body in motion tends 
to move forever in a straight line and uniformly. 1 hereforc, when tinning 
a corner, by inclination of the body one changes the centei of mass enough 
so that it falls outside of the line of su])])ort and both wheel and ridei re- 
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volve for a brief period around the center of gravity, until the turning is 
completed. After which the rider again shifts his body, so that a line 
drawn through the center of gravity, known as the line of direction, coin- 
cides with the line of support, when proper balance secures travel on a 
straight line again. 

In descril)ing curves with an airplane, practically the same conditions 
obtain as when riding a bicycle, and suitable compensation must be made 


Hor nonfaf Slabihier 



- Tail Sh id 


Fig. 256. — Empennage for Airplane Shown at A is the Type Used on Pusher Type 
Land and Seaplanes. B — Empennage of Typical Airplane Showing all Control and 

Stabilizing Members. 

for the tendency of the machine to throw its inner end higher than the outer 
in making the turn. This obviously means a loss of lateral stability, and 
while the rider of a bicycle or a bird can accommodate himself by shifting 
his center of gravity instinctively, obviously this is not possible with an in- 
animate piece of mechanism, so the airplane must be “banked"' by the 
lateral control or ailerons if one is to make a turn without “skidding." 
Any attempt to tuni flat, or without banking, always results in a “sideslip." 
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High motor car speeds are not possible on a circular track unless it is 
banked, and speeds much greater than sixty miles per hour are hardly 
possible on circuits less than a mile in circumference that have practically 
a flat surface. Motorcycle racing has shown that with a properly banked 
track high speeds are possible even on very small diameter circuits. One 
can hardly compare the tAvo-point or single-line support machine, such as 
the bicycle or motorcycle, with either a three- or four-point support vehicle 
as the tricycle or automobile. In the former instance, the rider’s position 
has material bearing upon the balance, whereas in the other equilibrium at 
high speed is only obtained by a low placing of the center of gravity and 
])roper distribution of weight. At high velocities even on a flat circular 
track the cyclist can incline his body and secure practically the same effect 
as though the track were banked. Obviously this is not possible with a 
motor car or an airplane and at high speeds the machine skids around in- 
stead of running around a corner, unless the track is banked for an auto- 
mobile or itvS equivalent is secured for the airplane by banking the wings. 
The faster the speed, the higher up the bank the car must be driven, as a 
greater angle of inclination is necessary to offset the tipping tendency of 
centrifugal force. The same is true of an airplane. 

Ill considering the airplane, one can hardly make a consistent compari- 
son with a motor car, as in this instance four points of support form a base 
within which it is* not difficult to include the line of direction and secure 
stability, even at high sjieeds and angles of banking. In the flying ma- 
chine, we have theoretically but one center of support, and it is somewhat 
(liflicult to secure and maintain equilibrium, even in straight-line flight. 
We have seen that an airplane is supported in the air by the reactions which 
result when one or more plane surfaces are moved edgewise through the 
atmos])hcre at a small angle of incidence, either by the application of 
mechanical power or by utilization of the force of gravity. In the prac- 
tical creation there must be provided means for securing both transverse 
equilibrium, and restoring it when disturbed, in addition to the apparatus 
for guiding the machine both vertically and horizontally. In turning, an 
airplane should assume practically the same position as a motor car upon 
the bank of a track, the outer end being higher than the inner end. In 
this way air pressure offsets the centrifugal force and “skidding” is re- 
duced to a mininuun. The formula in flying is “bank, rudder, rudder, 
])ank,” meaning that the control must be actuated in the order named to 
avoid a “flat turn.” The lateral control is operated to tilt the airplane to 
the ]jroper bank for the radius of the turn and as soon as the banking 
starts the rudder is operated. In coming out of the curve, the rudder is 
straightened out before the plane is balanced laterally. Considerable ex- 
perience is needed to bank the ])ro])er amount and a skilled pilot is always 
known by the manner in which he makes his turns. 

How Rear Stabilizer Works. — The function of the vertical fm carried 
at the rear end of the airplane fuselage and forming part of the empen- 
nage is different than that of the stabilizer. A view of a typical empennage 
of a flying boat where the rear control surfaces are carried on outriggers 
is shown at A, Fig. 256. The usual arrangement on an airplane or float 
seaplane is as shown at Fig. 256 B, though of course, the tail skid shown 
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is used only on land planes, no rear support being needed on the usual de- 
sign of float seaplane. The reason a vertical fin is used is to steady the 
rear end of the fuselage in straight flight and prevent too rapid movement 
to either side when the vertical rudder is manipulated because even the 
very slight braking effect obtained by a fin of normal area helps. The 
stabilizer is not only employed as a steadying member, but it also serves 
a useful purpose in balancing the airplane. If a plane is tail heavy, the 
angle of incidence of the stabilizer may be set to secure a positive lift 
while in flight. If a machine is nose heavy, and most modern airplanes are 


Top tievaior E’mpennage Viewed from the Front and Side 

Upper Honzonia! Shbihzer 

^Vertical Fin 



''^Eleyafor W Elevalor Riya'dcr 

Rear View of Stabilizing and Control Members 


Fig. 257. — Empennage of Handley-Page Bombing Plane Shows Type of Lifting and 
Stabilizing Structure Used on Heavy Airplanes where Part of the Tail Load Must 
be Supported by Aerofoils. This Biplane Structure has a Spread Equal to Many 
Present Day Light Sport Planes. 


designed so they are balanced that way, the stabilizer may be set at a 
negative angle so the tail will be held down while the plane is in flight. It 
may be set at zero angle and haA^e a double-cambered surface that has 
])ractically no lift, in which case it acts just as the A^crtical fin docs and 
that action can be most easily exj)Iained by comparing it to that of the 
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feathering on an arrow, it assists in maintaining direction of flight without 
frequent manipulation of the controls. 

In very large airplanes used for either military or commercial purposes, 
which have a wide spread in order to get sufficient wing area, the em- 
j)ennage is often of the weight lifting t 3 'pe as shown at Fig. 257 which de- 
picts the rear end of a Handley-Page bomber. The horizontal stabilizers 
are really a biplane structure with the elevator flaps hinged to the trailing 
edges of the aerofoils. The vertical fin is of relatively small area compared 
to the total stabilizer area. Owing to the large size of the airplane and 
length of the fuselage, two vertical rudders of the balanced type are pro- 
vided, as clearly shown. Here, the horizontal stabilizer has a definite duty 
to i)erform as it must help in carrying a portion of the weight of the long 
fuselage. 

The vertical rudder control is sometimes connected with a swinging tail 
skid as shown at A and B, Fig. 258, in order to obtain more po,sitive di- 
rectional control on the ground at relatively low speeds when the air con- 
trf)ls are not as effective as when in flight. 

Adjustable Stabilizers. — In various airplanes that have been designed 
in the ])ast, a certain degree of adjustment was provided so the angle of 
incidence of the horizontal stabilizer could be changed in flight. The way 
this was done on the 1)119 airplane is shown at hh’g. 258 C. A hand wheel 
placed convenient* to the pilot’s seat controlled a cable passing around an 
internally threaded drum fixed against vertical dis])lacement in the back of 
the fuselage. An externally threaded stabilizer control mast passed 
through this drum. The stabilizer Avas hinged at its front enfl to sta- 
tir)nary fittings. When the control mast Avas rotated, the rear end of 
the stabilizer Avas raised or loAvered so its angle of attack could be set 
as desired by the pilot. For instance, starting out on a bombing expedi- 
tion Avith considerable ammunition for the machine guns might make the 
machine tail heavy, if the airplane is a military type. The angle of inci- 
dence Avould then be given a positiA^e or lifting value. When the bombs' 
and ammunition had been expended, the machine might become tail light in 
'vhich case the angle might be zero or eA^en be given a negative angle which 
would tend to depress the tail. In the case of a i^assenger carrying or 
commercial aii'idane, a variation in freight load might make such an ad- 
justment desirable, esiiecially if the load extended into the rear of the 
fuselage to any extent. 

Control Surface Areas. — The area of the various control surfaces Agarics 
in the different planes and is dependent on a number of factors. Slow fly- 
ing planes need more surface than fast planes and jilanes with short fuse- 
lages need more surface than a similar airplane Avith a longer fuselage 
capable of the same speed. Commander J. C. Hunsaker, U. S. N. made a 
comprehensive study of numerous types of air])lanes and seajdanes some years 
ago Avhich he detailed in a ]mper read before the S. A. K. About 80 air- 
craft of various types were considered and the areas of the control surfaces 
in relation to that of the Aving surface Avas tabulated. Table XXI gives a 
summary of average values for the different classes studied, and Avill shoAv 
that in some respects, notably that of proportion of aileron surface to wing 
area, the various types folloAv very nearly the same imojuirtionate values, 




Fig. 258. — A — Diagram Showing Interconnection between Vertical Rudder and Tail Skid. B — Construction of Swinging Tail Skid 

C — How Incidence of Stabilizer may be Controlled by Pilot while in Flight. 
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the range being between a minimum of 11.2 per cent to a maximum of 12.9 
per cent, the maximum divergence being only 1.7 per cent. 

Tail Surfaces and Ailerons^ — The necessary horizontal tail surface 
should depend on the pitching radius of gyration and the degree of ma* 
neuverability which are roughly fixed by the procedure of classification by 
types. Also, the center of pressure motion between high- and low-speed 
attitudes or the depth of chord and the length of the tail must be important 
variables. The area of horizontal tail surface should depend on the weight 
of the machine or on the wing area. The ratio of length of tail to chord 
length varies from 2.5 for monoplanes to 4.0 for triplanes, and the corre- 
sponding average tail surface areas in percentage of wing area vary from 
15 to 9. Both theory and the practice of successful designers indicate that 
the horizontal tail surface cle])ends on chord length and wing area. The 
triplane with narrow chord has the advantage of requiring a small tail 
surface. 

TABLE XXI 



Table XXI gives the length of tail, or the distance from the center of 
gravity of the airydane to the tail hinge in terms of the mean wing chord 
as t and the horizontal tail surface as h as a percentage of the wing area. 
The product th is there shown to be nearly constant, indicating the reason- 
able conclusion that long tails can safely be made smaller than short tails. 
The flying boat class, it will be seen, has an average th =- 41.4, which is 
appreciably larger than for any other class. This is no doubt due to the 
projection of the hull forward of the center of gravity. The twm-engmed 
bombers also have a considerable portion of the fuselage forward of the 
center of gravity and are seen to reciuire a larger value of ih than the other 
machines. The vertical tail surface 7' multiplied by thr length of tail Mn 
the same notation gives a similar coefficient fv which is larger for the fly- 
ing boats, as would be expected. i i 4 . i 

The large value of iv for the monoplanes is not easily explained, but due 

to the relatively small number of machines listed and the lack of 
ence with this type, Commander Hunsacker is inclined to attri u e is o 
the designer’s desire to keep on the safe side. 
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The aileron area is practically a constant percentage of the wing area 
except that small machines which require a great degree of maneuverability 
have slightly larger ailerons. Apparently the span has very little effect 
on the required aileron area. The reason for this may be that the ma- 
chines of high aspect ratio, the bombers and flying boats, are not required 
to maneuver rapidly. The average aspect ratios are given on Table XXI 
as a matter of interest, hlxperiments, both wind tunnel and full scale, 
indicate that although a long narrow aileron is not quite as effective in 
producing roll for the same angle of throw, nevertheless the moment about 
the hinge, which is a measure of the pilot’s effort, is considerably less, and 
for this reason with the same percentage of wing area long narrow ailerons 
are more efficient than short deej) ones. By using es])ccially long narrow 
ailerons the percentage aileron area given in the tables might be some- 
what reduced. The aileron surface in terms of wing area percentage for 
various wartime German machines as computed by Commander Hunsakcr 
follows : 


Name 


Aileron Surface 
ill 'I'enns of Wing Area, per cent 
(a) 


Palz Single-Seater 8.0 

bVicdrichshafen 8 0 

Gotha 114 

AEG 5.4 

AEG Arniorcft 11.8 

Pfalz Single-Se;t.r 8 0 

Pfalz DX IT 7.5 

' Albatross 1)‘5 7.0 

Fokker I)-7 . . . . 5 2 

Fokker K-5 7 0 

Ruinplcr C-4 oo 

Hanriovcraner 0.1 

J. V G— C \' 0.3 

Rumpler G 1 1 / . ... 8.4 

Roland l)-2 6.7 

DFW— C-5 6.3 


Average 


8.0 


Airplane Control at Low Velocities. — The main jn oblcm that confront.s 
airplane designers who arc working on airjdancs to be flown by persons of 
ordinary skill as contrasted to those to whom flying is a sixth sense is that 
of control at low flying speeds. It is ])ossible, by a careful study to design 
aircraft which call for a minimum of control because they are inherently 
stable. Much de])ends on the relative locations of the center of pressure 
and center of gravity. If the former is located ahead of the latter we have 
a tail heavy condition that must be corrected by a stabilizer of aerofoil 
form, cambered to secure sustentation and set at a ])ositive angle of inci- 
dence to obtain lift. As this is an aerofoil, just as the main wing is, it will 
“stair' at approximately the same angle, as its “burble" point is the same 
as that of the wing. As the tail loses lift the angle of incidence of the 
main plane increases even beyond its “burble" point and the stall is ag- 
gravated. Modern design places the center of gravity either in coincidence 
with or ahead of the center of pressure and in normal flight, the ]flane is 
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slightly nose heavy and the angle of incidence of the rear stabilizer is set 
at a negative angle so it will depress the tail. 

Suppose a pilot overcontrols his airplane so the main aerofoil 
reaches its critical angle of incidence. The rear tail surface, which in 
normal flight has a negative angle of incidence, may under these new condi- 
tions, assume an angle of attack that will have a positive lift value and the 
tail will be lifted, automatically bringing the main aerofoil to an angle of 
attack below the critical or stalling angle. An airplane, when balanced in 
this way. will drop its nose and increase its flying speed automatically. 
Wings of the thick camber or high lift variety are well adapted for use in 
'‘non-stalling” airplanes, because the "burble” point is reached more gradu- 
ally than in thin section wings. 

The Fokker three-engine monoplane recovers from a stall automatically, 
in fact, it is im])ossible for a pilot to stall it and if it loses flying speed, 
instead of going into a spin or headlong dive, it flattens out and falls on an 
(‘ven keel. The concensus of modern opinion seems to be that the best air- 
l)lane for average pilots is not one that is absolutely and automatically 
stable, nor is it one that must be kept balanced by constant operation of 
the controls. Tt should be in neutral stability, equilibrium being maintained 
by the controls but at the same time, not necessitating frequent manipula- 
tion. Many modern airplanes can be flown at constant altitude with "hands 
ofif” the controls.. 

Controls Ineffective at Low Speeds. — Tt has been pointed out that con- 
trol surfaces are ineffective at low or stalling speeds so any improvement 
in design that Avill increase their efficiency under such conditions will be of 
value, iH'ovided this is not accomplished by the sacrifice of some other 
equally important feature. It is stated that great reductions in stalling 
speed of airfoil have become possible with the development of Handley- 
Page and Lachmann slotted wings. Whereas the angle of stall of the aver- 
age wing is around 16 degrees incidence, the slotted wings have increased 
this angle to as high as 45 degrees in some cases. This has made for con- 
siderable reduction in landing speed but does not eliminate the danger of 
“stalling.” 

Slotted Wings for Low Speeds. — It has been stated that the combina- 
tion of the slot principle with normal ailerons gives the advantages of a 
delayed stall together with maintenance of lateral control at low speeds. 
In such a device, a Ilandley-Pag^ wing with slot near the leading edge is 
combined with an aileron of such form so that as the aileron is depressed, 
a slot at the rear wing si)ar is opened as at Fig. 259 A with the result that 
in high lift wing sections a marked increase in rolling around the X axis 
(See Fig. 239) without a corresjKmding increase in yawing moment may 
he secured. In some cases, twice the rolling control may he obtained with 
but little increase in yaw. The Handley-Page wing slotjs controllable, and 
it has been advanced that the slot in the leading edge of one wing, that 
falling, be opened to prevent "burbling” and closing the slot in the rising 
wing so it would "burble.” The slots would be operated in conjunction 
with normal ailerons. It is claimed that if the slots are used in this man- 
ner that a large increase in "rolling” or lateral balance can be obtained 
with existing controls at low speeds. 
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In discussing the ‘'Control of Airplanes at Low Speeds’* in Aviation, 
W. Lawrence I.e Page outlined some experiments he had made for the 
Aeronautical Research Committee (British) and reported in Reports and 
Memoranda No. 886 of that group. 

“While discussing the possibilities of a slotted flap control, it will be in- 
teresting to refer to some experiments carried out in 1923 at the National 
Physical Laboratory on tandem systems of airfoils. The work consisted of 
a series of tests upon a compound wing made up of a main airfoil with an 
auxiliary airfoil of very much smaller size arranged in close proximity to 
the trailing edge of the main airfoil (Fig. 259, B). These experiments, it 
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Fig. 259. — Various Devices to Facilitate Control of Airplanes at Low Speeds. 
A— Handlcy-Page Slotted Wing. B — Trailing Wing Flap. C — Slot Near Leading 
Edge. D — Hinged Flap Near Leading Edge. 


should be pointed out, were carried out with a view to investigating the 
general subject of high lift compound wings and not with any considera- 
tions of control in view. The investigations showed, however, that marked 
high lifts could be obtained with this type of compound wing and that the 
increase in lift over that of a normal wing of the same total area was, under 
some circumstances, very much greater than similar increases with the 
Handley-Page type of slotted trailing flap. The possibilities of this prin- 
ciple being applied to the control problem, therefore, suggests itself. 

“Continuing the study of control at low speeds, a limited number of 
experiments have been carried out in a wind tunnel with a view to so modi- 
fying the leading edge of a wing tip that a reduction in lift is accompanied 
by an increase in drag. Two devices were tested. One method (Fig. 259 C) 
consisted of a flap, arranged on the upyler surface of the wing at the lead- 
ing edge, which, when opened inwards, permitted the air to flow through a 
slot to an opening in the lower surface a short way back from the leading 
edge. The other method (Fig. 259 D) consisted of a flap hinged on the 
under surface of the wing a short way back from the leading edge. This 
flap is moved downwards but when in the up position contributes to the 
normal contour of the wing section. These devices, due to A. Page, of 
the National Physical Laboratory, when tested on a model wing in a wind 
tunnel w’ere found to reach their maximum effect at or about the stall and 
produced a rolling moment about equal to that produced by an aileron. 
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However, in each case the yawing moment aided the rudder and was about 
equal but of opposite sign to the yawing moment to be expected from an 
aileron. 

'Turther experiments carried out upon these devices showed that, when 
used in conjunction with ailerons, the combined control of device (a) and 
the aileron exceeds that of the aileron alone by approximately 13 per cent 
at the stall and 55 per cent at an incidence of 28 degrees. Furthermore, at 
the stall, the resultant yawing moment of the aileron and control device 
acts with the rudder, while at the higher incidence it opposes the rudder 
but to an extent which can easily be counteracted by movement of the 
rudder. In the case of device (b) combined with the aileron, the rolling 
moment was found to exceed that of the aileron alone by about 50 per 
cent at the stall and by about 120 per cent at 28 degrees incidence, while 
the yawing moment is with the rudder at both angles.” 

The problem of delaying the stall condition in airfoils and avoiding the 
sudden precipitation of a stall is another question which has been, to a large 
extent, successfully met. The nearest approach to an ideal condition in this 
respect has apparently been reached in the Handley-Page slotted wing. 

All questions of control in airplanes, however, are entirely wrapped up 
in features of airfoils which directly concern the movement of the center 
pressure. In a modern efficient cambered wing, it is unfortunate that the 
movement of the center of pressure is unstable, any change in the attitude 
of the wing creating a new center of pressure position which further exag- 
gerates, rather than otherwise, the tendency to change attitude. The de- 
sign of an aerodynamically efficient wing with a fixed center of pressure, 
being impossible, therefore, other arrangements have been developed for 
providing this feature. The provision of the stabilizer or tailplane used 
in modern airplanes is one method, while swept back and washed out 
wings have been employed to this same end as have also normal wings 
with reflex trailing edges — a feature of a wing section which considerably 
stabilizes the center of pressure movement but greatly reduces its aero- 
dynamic efficiency. 

Handley-Page Wing. — ^The Handley-Page wing shown in diagram form 
at A, Fig. 259 represents an attempt to make a wing rather like a Venetian 
blind. So far, it consists of an ordinary wing with a slat across the leading 
edge of each wing. This slat lies flat on the edge and forms part of each 
wing under normal circumstances, but can be brought forward and then 
produces a slot between the slats and the wings. The idea is that when 
the wing is at a very obtuse angle in the air, the slot can be opened and, 
instead of the wing’s losing lift, the air comes through between the slat and 
the wing itself and maintains the airflow so that the wing continues to lift 
when the airplane is at a very low speed. An advantage of this is that, in 
getting out of a very small field, the machine can climb at a much steeper 
angle; it climbs no faster and takes just as long to rise to say 100 feet, Imt 
it allows the machine to climb more nearly vertically at the same speed 
without covering as much ground at that speed. Hence, wdiere an ordinary 
type of airplane would hit the tops of trees before it reached the necessary 
height, this particular type will rise over them. The same principles apply 
when descending. Where an ordinary machine needs a much more acute 
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angle to glide and so has to approach the ground at a greater distance from 
where it is to land, this type of wing is devised to allow the m<fchine to 
come in over an obstruction such as the tops of trees and to drop to the 
ground comparatively near the trees; thus a very much smaller landing 
space can be used. All experiments show that this sort of wing works 
perfectly well; but the difficulty lies in the operating mechanism of the 
movable parts. Apparently, experiments are being made to develop a 
satisfactory operating mechanism which is not heavy enough to eliminate 
any appreciable part of the benefit of the slots. But the other mechanism, 
the flap wing is being used in the British Navy almost entirely on its float 
seaplanes and on land airplanes, because it definitely provides a much better 
landing-ability. One of this type, the Fairey ''Flycatcher/' has a speed of 
145 m.p.h. when carrying all the things the Navy insists on putting on it, 
such as bomb racks and dock landing-hooks. Its slow-flying landing-speed 
is about 40 m.p.h., but it has been put down in alighting at 25 m.p.ii. 



Fig. 260. — Hill “Pterodactyr* Airplane has Swept Back Wings and no Tail. This 
Form of Wing has a Fixed Center of Presf?ure. 

Wing With Fixed Center of Pressure. — The pussil)ility of attaining ade- 
quate control at and above the stall by means of the employment in the 
airplane of a wing with a fixed center of pressure and the possibility, there- 
fore, of controls which serve solely as controls and not as devices for main- 
taining trim, has Been the subject of extensive research by Captain G. T. R. 
Hill in England, during the past three years or so. As a result of his 
studies of the subject, Captain Hill has designed a tailless airplane em- 
ploying a wing with the characteristic of having approximately a fixed 
center of pressure position regardless of the attitude of the wing up to the 
angle of stall. Captain Hill has employed the swept back type of wing 
with washed out incidence toward the tips to attain this characteristic. 
Control, both lateral and longitudinal is obtained by means of horizontal 
rudders placed at the end of the wing as shown in Fig. 260. A serious 
drawback in the swept back and washed out wing, from the aerodynamic 
standpoint, is the fact that, with the effective leverage of the wing tips small 
compared with that of a conventional tail, the washout must be consider- 
able and this further decreases the aerodynamic characteristics of the wing. 
Captain Hill has, however, produced an extremely interesting airplane 
which has flown very successfully and can be controlled at angles far above 
the stall. The machine is known as the Pterodactyl. The landing gear 
consists of the conventional two wheel arrangement supplemented by a 
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small trailing wheel at the back of the short fuselage, which is equal in 
length ohly to the chord at the root of the wing. Small skids are carried 
at the base of the vertical rudder posts to keep the wing tips from contact 
with the ground. The wing arrangement is similar to that of the Burgess- 
Dunne, an experimental type built in this country about fifteen years ago. 

Anti-Stalling Gear. — According to expert pilots who have had consider- 
able experience in training student fliers, most of the accidents occur be- 
cause in a contingency where the engine stops, instead of pushing the con- 
trol stick forward to bring the nose down and maintain flying speed, the 
stick is pulled back which puts the plane at its stalling angle. The nose 
heavy plane is then pulled down rapidly by the heavy motor and it starts 
to plung earthward, a dangerous thing because the inexperienced pilot is 
apt to get rattled and loses control. If the airplane is not flying high, there 
is always the danger that control will not be recovered before it hits the 
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Fig. 261 . — Diagrams Showing Application of Savage-Bramson Anti-Stall Gear to 

Airplane. 

ground. Statistics have been presented to show that 75 per cent of air- 
plane accidents arc either produced by or are abetted by a stall. Any 
stall can be avoided if the ])ilot is warned before it occurs. 

An anti-stalling gear has been invented by Major Jack Savage and 
Captain Louis Branison of the technical staff of the Skywriting Corpora- 
tion. The device gives warning to the pilot when a stalling angle is being 
reached. The device, which is shown at Fig. 261 is light in weight, adding 
but five pounds to the airplane to which it is fitted. A miniature aerofoil 
or wing of double-camber section is carried at one end of a pivotted lever, 
the other end of the lever having small counterweights to balance it. The 
])osition of this wing is controlled by the direction of airflow past it. In 
normal flying, the vane is carried level, but should the nose of the airplane 
point up so the main wings arc about to assume a dangerous angle, the 
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windflow, impinging on the bottom of the vane produces positive pres- 
sure. The vane is raised, the lever on which it is mounted swinging on 
its fulcrum or pivot. The lever comes in contact with and opens a small 
valve connected by a relay system to an air actuated piston and plunger 
device which gives the control stick a sudden push forward. The angle 
at which the vane operates may be regulated accurately to any desired 
point just below the stalling angle, and when this angle is reached, the 
moving control stick gives the pilot a warning that he-trannot fail to heed. 

The one point of contact between the pilot and the plane is the control 
stick. While flying the pilot always has his hand on this lever and any 
signal given through this medium is bound to reach him immediately, in 
fact, in double control training ships, the control lever is employed by the 
instructor to transmit various signals to the pilot. A further advantage 
is that the anti-stall gear actually pushes the lever in the right direction 
and levels out the ship unless the pilot pulls against it and overcomes its 
power. The pilot has only to yield to the force on the control lever and the 
plane straightens out and gains speed. As soon as it is at a safe flying angle 
the correcting impulse on the control lever ceases. In tests of the device, 
made in England, ships were flown and an attempt made to stall them at 
every angle, both with the motor going full blast and with it cut off alto- 
gether, and in every instance the anti-stall gear worked perfectly. There 
is nothing in the device to go out of order and its light*. weight makes its 
univei\sal adoption a practical certainty. It has been officially accej^ted by 
the British government. 

Ground Run of Airplanes. — A factor of great moment that warrants 
careful consideration is the amount of ground run necessary for an airplane 
to attain its flying speed when going aloft and the distance it must travel 
in alighting before it will come to a stop. This is of importance in flying 
from small or emergency fields. The run of an airplane in landing has 
been materially reduced ))y the application of wdieel brakes on latest ma- 
chines. Formerly, the drag of the tail skid was largely depended on to bring 
an airplane to a stop but a tail skid that will exert a powerful retarding 
action is also one that will impose undesirable stresses on the fuselage struc- 
ture and also damage the surface of the landing field. The usual procedure 
is to use a three-point landing. In this case, the engine is shut off or 
throttled way down. The ])ilot dives his machine at a gradual angle until 
near the ground, then he flattens out, moves the control stick while he still 
has sufficient air speed so the controls will be effective, to that point where 
the aerofoil is placed at or near the stalling angle, after which the machine 
gradually loses speed until the wheels and tail skid touch the ground 
simultaneously. The machine then slows down because of the aerodynamic 
resistance, which Avill vary with the velocity of the wind into which the 
airplane is headed and the tractive resistance, which may be greatly aug- 
mented by the use of wheel brakes instead of dei)ending entirely on tail 
skid and wheel bearing friction and the resistance to rolling due to contact 
of flattened tires and the ground. 

Before the application of Avheel brakes, which seem to be a logical ex- 
pedient, various methods were proposed to increase the aerodynamical 
resistance when landing. The landing speed may be roughly estimated at 
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about half of the flying speed, which means that a machine flying at 110 
miles per hour will land at from 45 to 50 miles per hour. A machine weigh- 
ing about 4,000 pounds, with the wings set at an angle of 16 degrees when 
landing, having a total resistance of 1,250 pounds will require a run of 
from 500 to 600 feet before the combined tractive and aerodynamical re- 
sistances will bring it to a stop. A reversible propeller would permit of 
running the engine at higher s])eeds after landing and thus develop a nega- 
tive or retarding pressure. With a fixed pitch propeller, if run very slowly 
its positive thrust will be very slight, and if the engine can be run slowly 
enough, it may even exert a slight negative thrust. If the engine is com- 
pletely stopped the efifective blade projected area will offer some resistance, 
l)iit this will be very little .at low ground speeds. Wide jiropeller blades 
have a greater retarding effect than narrow blades and the high pitch screw 
offers less resistance than one of lesser pitch because the large blade angle 
])crmits of more easy airflow. 

The suggestion has been made that panels to act as air brakes be fitted 
to the side of the body and opened up by the pilot w^hen landing so they 
would project at right angles to the fuselage sides and bottom. The 
natural inference is that such plates will greatly retard the machine. On 
closer analysis, hoAvever, and after testing, it was found that the value of 
such plates was very slight because they .are relatively ineffective at low 
ground s])eeds. To have any real value, such ])lates would have to be of 
such large area that they could not be easily operated nor could they be 
installed on the fuselage so they would not offer objectionable parasitic 
resistance. • 

A much more promising development is the use of hinged trailing flaps 
on the wings. An auton\atically operated set of wing flaps was experi- 
mented wdth on the early Rrequet airplanes. The flaps were pulled down 
hy rubber cords so that at low speeds the wings would have greater lift. 
When flying speeds were reached, the air pressure raised the flaps against 
the resistance of the rubber s])rings and they trailed in normal relation to 
the wings. The idea w^as that they would increase the wing lift in taking 
off and act as retarding members in landing. The automatically controlled 
trailing edge is not used to any extent in modern machines. Wing flaps ex- 
tending over almost the entire span of the trailing edge of the wing seem 
to offer some advantages if they are ])laced under the control of the pilot. 
These flaps may be inde])endent of the ailerons, or large surface ailerons 
may be actuated by simple mech.anism so they can be moved in the same 
or op])osite directions as the pilot wishes. Obviously, when landing they 
should move only in the same direction so the)^ will act as a brake and 
not for producing a ''roll” as would be the case if they acted in the normal 
manner. If the flaps had sufficient area, the pilot could set them 90 de- 
grees, or at right angles to the wing after the machine had been placed 
practically at the stalling angle. The use of such flaps would reduce the 
air speed when landing to about 45 miles per hour in a machine that would 
land at 50 miles per hour without them if set .at 60 degrees to the wing. 
After the machine had slowed down in the air and just before the wheels 
and tail skid touched the ground, the flaps could be dropped further to ap- 
proximate right angles to the wing to act as brakes. As a result of tests, 
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it has been stated that by using such flaps, an airplane that would require 
a run of 650 to 750 feet without them could land and stop in a run of from 
200 to 300 feet. The combination of such wing flaps and wheel brakes 
would seem to oflfer advantages in that the landing run would be greatly 
reduced. It has been stated that the use of brakes on the wheels has been 
avoided because they would cause the plane to nose over when the brakes 
were applied. This can be easily prevented by placing the landing gear so 
the axle center coincides with the center of gravity or comes slightly ahead 
of it as well as using brakes which will retard, but not lock the wheels. 

To decrease the length of run necessary on the get away various sug- 
gestions have been offered. One of these, made possilde by wheel brakes 
is to use a wheel instead of a tail skid and also mount all wheels on anti- 
friction bearings to reduce the tractive resistance. The tractive resistance 
can be materially reduced by substituting rolling for sliding friction of the 
tail skid. Tests show that a machine having a resistance of 500 pounds 
with tail skid dragging would have this reduced to 360 ])ounds when the 
tail was supported by a wheeled gear. The pilot should, therefore, get the 
tail skid off of the ground as soon as he can and thus remove considerable 
tractive resistance. If the center of gravity is not too far back of the wheel 
axle, this should be possible almost as quickly as the engine is si)eeded up 
and the air thrown back by the tractor screw strikes the hanging elevators. 
The subsequent run, after the tail is raised should be at a relatively small 
angle of incidence until flying speed is obtained. A variable pitch pro- 
peller will materially assist in securing a short starting run or “get avvay^' 
because the i)itch can be made small on the ground, permitting^ the engine 
to quickly attain its full power and r.p.ni. In this case, it would act just as 
the low gear docs in an automobile. After the plane had left the ground, 
and when the resistance produced by climbing had been reduced to that 
of level flight, the pitch angle of the blades could be increased and engine 
r.p.m. slowed down. In this case comparison can be made with an auto- 
mobile running in high. A skilled ])ilot can usually get away in a shorter 
run than he needs when landing. In a machine needing 750 feet run to 
stop when landing, the take-off is about 500 feet. These values are for air- 
])lanes without any devices to facilitate taking-off or to assist in retarding 
the speed when landings are effected. 

Instruments for Navigating Airplanes. — A typical cockpit of an early 
type airplane, showing the various instruments com])rising the control sys- 
tem, is shown at Fig. 262. The various indicating instruments which as- 
sist the pilot in controlling the machine are shown. An air firessure or 
speed indicator shows the air speed of ‘the machine. An altimeter, which 
is a form of aneroid barometer, indicates the height of the machine above 
the ground. A tachometer is employed to show if the engine is turning at 
the proper speed. The clock indicates time and is very useful when used 
in connection with a speed indicator in determining distance travelled. 
Two pressure gauges are provided, one indicates the oil pressure, the other 
one the pressure of the air in the fuel feed system. The switch is used to 
establish and interrupt ignition. An ammeter is mounted on the switch to 
show if the generator is charging the battery, when that system of igni- 
tion is used. When magnetos are used for ignition, the ammeter is not 
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required unless an electric starting motor system is used. When fuel is 
by gravity feed, no air pressure indicator is needed, as the fuel is moved 
by gravity, which needs no gauge. In addition to the instruments shown, 
airplanes may be provided with an earth inductor compass as well as a 
magnetic compass. A turn pitch and bank indicator is of great value as 
is a rate of climb indicator. An air distance recorder is valuable for sup- 
plementing the air speed indicator. A drift and speed indicator is a use- 
ful navigation instrument. A thermometer is provided to indicate the 
temperature of the jacket water when the water-cooled type of engine is 
used as power. A more extended description of various instruments will 
be given in a following chapter. Throttle and spark levers (not shown) 
are utilized to regulate the engine s])ced. When the pilot is to make a 
trip of any magnitude a compass is provided. 



Fig. 262. — Instrument Board of Military Airplane Showing Arrangement of Instru- 
ments Used in Connection with Plane and Liberty Engine Control. 

Suggestions for the Student in Flying. — To begin with, the rules gov- 
erning thc4iandling of a ])lane that can be put down on ])ai)cr are very few, 
for three chief reasons: First, that no two machines handle alike; second, 
that no two pilots fly alike; third, that atmospheric conditions change so 
often. These so-called atmospheric conditions are the things that are most 
difficult to overcome; namely, hot and cold currents of ^air or upward and 
downward currents of air which have a natural tendency to take the plane 
to a certain extent in their same direction. We ofttimes hear the student 
s])eak of an air “pocket.” There is no such thing as an air “])ocket.” The 
so-called air “pocket” is merely a downward current of air which has, as 
above stated, a natural tendency to take the plane in the same general 
direction. 
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The things the student learns first are the things he should never forget 
There are two things the student should learn first of all, i.e., always keep 
flying speed, and always keep in mind what position you are in relative to 
the wind. Without these two things in mind you cannot properly, or 
safely, handle your plane — speed, especially, being the greatest factor which 
is obtained and maintained from two sources, namely, propeller thrust and 
gliding. In case your primary source of speed ceases with either a known 
or unknown reason, the immediate thing to do is to nose the plane into 
a glide, sufficient to maintain flying speed. Don’t worry about what the 
trouble is before so doing, or your troubles will pile up, and so will the 
machine. 

Before starting on a flight look over your machine in a general way 
to check up on the ins])ection given by the mechanics charged with its 
maintenance. Do not take anybody’s word that there is enough gasoline, 
oil and water; check these points yourself. Examine principal control 
wires and move rudder bar and control stick or wheel in all directions to 
make sure the control members function as they should. 

Run Motor Slowly to Warm It. — Let motor run idly until it is warm and 
oil is circulating proi)erly as indicated by oil pressure gauge. Test engine 
for revolutions per minute as indicated on the tachometer, but never race 
the engine for more than a few seconds in determining this. Be sure the 
wheels are chocked or blocked or that the wings are hekd by several men 
to prevent forward motion of the machine when the engine is speeded up. 
Never run an airplane engine unnecessarily when on the ground, as this re- 
duces th(? flying time or the service the engine will give in the air. Special 
attention should be given to the way high compression engines are run on 
the ground. These should never be run at full throttle on account of 
danger of preignition ; in fact, any excessive running of such engines will 
result in their quick deterioration. 

As soon as you feel sure that the powxr plant is functioning properly 
and that your controls are in good condition, you should taxi to a smooth 
level spot, wdth hard, dry ground or short grass that wdll provide a runway 
of several hundred yards in the direction the wind is blowdng. Avoid soft 
or sandy ground or spaces having hummocks or long grass. If in doubt 
about the nature of the ground have an assistant at each lower Aving tip. 
Watch carefully for the direction of the wdnd and start off with the full 
power directly into the wdnd. The tendency of the machine to turn to the 
left due to the proi)cller blast striking the left side of the fin more than 
the right side is counteracted by right rudder. 

How to Take-Off. — When the machine has attained fair speed, which 
it will do at about 100 to 200 feet, the tail should be raised by tilting the 
elevator flaps down by ]nishing the stick or control bridge forward slightly. 
This keeps the machine from leaving the ground until it reaches its proper 
flying speed. When this point is n^ached, wLich varies with the construc- 
tion of the plane and velocity of the wdnd it is heading into, usually at 
speeds of SO to 60 miles jjer hour, then move the control lever by pulling 
it back slowly, taking care that ailerons are in neutral position until the 
machine is w^ell up in the air. 

Take-off at high speed is always best as the plane has attained a certain 
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momentum that insures a safe landing if the power should fail suddenly. 
For the same reason, the take-oflf should be at a good climbing angle; a 
machine should never be ^'zoomed’' or made to jump into the air by a too 
rapid movement of the elevator flaps. If a machine of average power load- 
ing is made to climb at an abrupt angle, the plane is apt to stall and side- 
slip to the ground. Zooming close to the ground is particularly dangerous 
if an engine is not developing full power or if it should fail suddenly. Stall- 
ing is a part of acrobatic Hying and is not dangerous if carried on by h 
capable pilot at sufficient height from the ground. Remember that engine 
failure close to the ground nearly always results in a crash if it occurs when 
taking off too slowly or at a sharp angle. 



Fig. 263. — The Boeing Sesqui-Wing PW 9 Biplane, a Type Adapted for High Speed 

Pursuit Work. 

How to Attain Altitude and Handle Machine. — As soon as the plane is 
under way it should be driven in a straight line and at a gradual angle of 
climb until a safe altitude is reached, which should be between 800 and 
1,000 feet. It is stated that a high-speed low angle climb is much better 
than a slower large angle climb. The angle of climb, of course, depends 
on the power available and resistance of the airplane ])arts. A high- 
powered machine of little resistance can clinil) at angles greatly in excess 
of those possible with the usual training type of air])lane. 

A height of at least 1,000 feet should be attained before a turn should 
be attempted by any but the most exj^erienced pilots. A point to bear in 
mind at all times is the possi])ility of the airplane power plant stopping, 
so the pilot must keej) a safe landing place within gliding distance at all 
times. If one is climbing and it is desired to make a rather short turn, the 
machine is nosed over until it is flying level in order to keep the speed high. 
Simultaneously, the vertical rudder and ailerons are operated so the turn 
is made in the desired direction and banking proportional to the speed and 
radius of the turn. 

A turn of wide radius wdth a minimum of bank is better for the novice 
than turns of short radius which require steep banking. If a short turn is 
attempted and banking is not properly done, the machine may skid if the 
bank is not sufficient and sideslip if the bank is excessive and speed too 
slow. Either of these extremes is very dangerous, especially if it occurs 
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close to the ground. A high angle of climb should be avoided on account 
of danger from “stalling/* which can only take place with safety at con- 
siderable distance from the ground. It is said that the modern airplane 
of good design has considerable inherent stability and it is better to be easy 
with the controls than to w'ork them too (jiiickly. Ovving to the spread of 
an airplane immediate response to controls is not always obtained, a brief 
interval is required to have the ]dane answer. The slower and larger the 
airplane is, the more time is needed for controlling it. High speed, single- 
seater scouts are very responsive to controls, while bombing planes arc not 
so maneuverable. The controls should not be jerked, but should be firmly 
and smoothly handled. An expert pilot soon learns the feel of his ship 
and operates controls smoothly while the novice commonly overcontrols 
through sudden movements continued too long. 

When a safe altitude is reached the pilot need have no anxiety if a 
landing field is within gliding distance. The gliding possibilities of a ma- 
chine depend on its design primarily; most machines have a gliding angle 
of 7 or 8 to 1, which means that the plane will glide a distance 7 to 8 times 
its vertical height. The direction of the wind has much to do with gliding 
distance and s])eed. Naturally, the possible distance of glide wdthout po\ver 
Avill be less when the machine is going against the wind than if it is wdth 
the wdnd. 

When flying in a side wind it is necessary to fly at an angle in order to 
proceed in a straight line. This angle depends on the wind pressure and is 
necessary to eflfect the drift of the machine. Drift must also be considered 
in makiifg turns. It is always best to nose down when turning in a cross 
wind in order to make sure one has the proper flying speed. While the air 
speed of a machine is always the same, the speed with i elation to the ground 
changes with the wind velocity. A machine that Avould attain a speed of 
70 miles per hour, relative to the ground in still air, wdll fly at 100 miles 
with a 30-mile wind back of it and move but 40 miles relative to some fixed 
point on the ground if its forward motion 'was opposed by the same wind. 
Air speed is therefore radically different than ground speed. 

Precautions When Landing. — In landing, certain precautions must be 
/ observed. When you feel you have a])proached your landing place suffi- 
ciently, shut off the engine, or better, throttle it down if there is any doubt 
about reaching the field on a normal glide. Always make a landing into the 
wind, as this will exert a braking action and bring the ship to a stop 
quicker. Never land in a cross wind if it can be avoided. If it is found that 
the ship is too close to the field to make a long, easy glide, a series of wide 
S turns can be made to reduce speed as well as altitude. Do not attempt to 
spiral into a field unless you are confident of your ability to execute the 
maneuver properly. If the pilot has overshot the mark to any extent, it is 
•better to make a wide circle and make another try at the field, starting your 
glide at the proper distance. The long, straight glide into the wind is the 
best way for anyone to make a landing, especially the novice, as it gives 
one a better chance to judge both wind and distance. 

Danger in Stalling. — One of the most serious mistakes the novice flyer 
^ is apt to make is gliding at too flat an angle, and the reason this is danger- 
ous is that the loss of flying speed will result in the plane settling instead 
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of gliding as it should. It should be remembered that unless flying speed is 
attained and maintained at all times, that the controls become inactive to 
considerable extent. The proportions of the ailerons and elevator flaps 
are based at a definite air resistance according to a speed which is but 
slightly less than the normal flying speed of the machine. It is necessary 
to have a pronounced air pressure on all controls if they are to be effective, 
and in order to have the airplane responsive to movements of the control 
planes, it is necessary to maintain flying speed either by use of the motor 
and propeller thrusts, or by a steep glide. In gliding, when the field is 
reached and the machine is 50 or 60 feet from the ground, it is desirable 
to begin '"levelling off,” but the final "levelling off” should not be done until 
the machine has glided to a distance of approximately 6 or 7 feet from the 
ground. The motor is shut off and at this point the airplane is moving 
forward, neither rising nor falling until its flying speed stops; thus it will 
sink to the ground gradually as the angle of attack of the wings is increased 
to bring the lift up to the point where it will carry the weight of the ma- 
chine at a lessened speed. When the airplane is in the correct position 
for landing at its lowest flying speed, the tail skid and wheels of the 
machine should be just grazing the ground. Always pick as smooth and 
level a piece of ground as possible when making a landing, as, if the ground 
is very soft or if there are hummocks or ditches, the machine is very likely 
to "nose over.” This, of course, will result in breakage of the propeller 
and impose considerable strain on parts of the airplane, even if it does not 
result more seriously. 

Control in Making Turns. — The student aviator will perceive a i)ro- 
nounced tendency of an airplane to "nose down” when turning right hand 
and to climb Avhen turning left hand. The last named condition is not as 
noticeable as the first named. This action is said to be due to the gyro- 
scopic force of the propeller and must be met by the elevators to keep the 
machine level. An important j'oint to remember is that in banks of from 
20 degrees the functions of the rudder and elevators interchange, the latter 
really become rudders to direct the machine in a horizontal flight, while 
the vertical rudder, Avhich normally directs its motion to the right or left, 
becomes an elevator to raise the machine up and down. The pilot must 
bear this in mind and when the machine is descending at a pronounced 
angle in action, all horizontal balance must be made by the vertical rudder 
and not by the elevators. 

Perhaps the most common cause of airplane accidents, and one that is 
ever present when inexi)erienced ])ilots are handling the machine, is what 
is termed as "the tail spin” or "spinning nose dive.” The tail s])in is not' 
dangerous to an experienced pilot if there is sufficient altitude to correct 
the machine’s tendency to fall. Tn fact, in acrobatic flying, tail spins are 
very common and are used as a metluKl of losing altitude. A tail spin is 
iisuallv started by excessive lianking with loo mucli rudder, and the nose 
cMid of the machine falling, due to stalling or engine faults. Under these 
circumstances the ailerons and elevators are useless, for the air does not 
strike their under surface, but their edges. The best control method to 
counteract a tail spin is to set the control lever regulating on the ailerons 
and elevator in a vertical position and to put all possible rudder on in the 
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direction opposite to that in which you are spinning-, even though both feet 
must be used on one side of the rudder bar to exert the proper pressure. 
The rudder should be held in that position and the motor run on full 
throttle to supply all the possible air pressure. If there is sufficient altitude 
the machine will gradually straighten itself out and as soon as you realize 
that the rudder is functioning properly the same degree of control may be 
regained by using the elevators and ailerons in order to bring the machine 
to its proper flying position. 

Flying Learned Only by Practice. — The point that must be borne in 
mind by all students of aviation is that it is not possible to learn to fly by 
reading a book, any more than it is to learn to swim or to ride a bicycle 
by the same method. A certain cooperation of the senses to produce the 
required sense of balance is necessary and only practice under the tutelage 
of a competent pilot will enable the aviator to fly. There have been ex- 
ceptional cases of when men have taught themselves to fly, as the early ex- 
periences of the Wright brothers and of Glenn Curtiss demonstrated. At 
the same time, a number of pioneers who were their contemporaries gave 
up their lives in attempting to solve the same problems. The control of a 
machine in the air is not difficult as the ])ilot soon learns the necessary 
movements to have the plane recover its balance, or to nose up or down. 
The landings are the most difficult thing as in making them it is only 
possible to make good ones by a combination of good judgment of distance 
and speed that comes naturally from considerable practice. Many instru- 
ments and indicators have been devised so air])lanes of today can be piloted 
by people that could not oi)erate the earlier tyi)e airplanes. 

The following list of precautions are puldishcd by the Curtiss Aero- 
plane and Motor Corporation for the benefit of ])ilols using their machines, 
and as they are easily memorized and ai)plied to all types they can be 
committed to memory by any ])rospcctive pilot to good advantage. 


Important Hints 

1. Remember that ‘'A stitch in lime saves nine.” 

2. Always inspect the motor thoroughly before starting. 

3. Always have plenty of oil, water and gasoline before trying to 
start; all three arc vital. 

4. See that the radiator is full of water before starting. 

5. Keep oil and gasoline clean, and free from water. 

6. Oil all exposed working parts daily. 

7. Be sure to retard magneto before starting; otherwise a serious ac- 
cident may result. 

8. Turn on sw'itch l)eff)rc trying to start. 

9. Start the motor with the throttle only part Avay (q)en. 

10. Run the motor idle for only short j)eriods; it is wasteful and harm- 
ful to run idle too long. 

11. Watch the lubrication constantly, it is most essential. 

12. Remember that the propeller is the business end of the motor; treat 
it with profound respect when it is in motion. 

13. When the motor is hot allows it to idle a few minutes at low speed 
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before turning off the switch. This insures the forced circulation of the 
cooling water until the cylinder walls have cooled considerably and also 
allows the valves to cool, preventing possible warping. 

14. Avoid that destructive disease known as ‘'tinkeritis*' ; when the 
motor is working satisfactorily, leave it alone. 

15. Be sure to inspect daily all holts and nuts. Keep them well tight- 
ened. 

16. Stop the motor instantly upon detecting a knock, a grind, or other 
noise foreign to perfect operation. It may mean the difference between sav- 
ing or ruining the motor. 

Fuel Economy in Flying. — Fuel-consumption in flight, is dependent on 
three main factors, namely, the aerodynamic efficiency of the airplane, the 
thermal efficiency of the engine and the efficiency of navigation, which 
entails a study of the most advantageous height, speed and direction of 
flight under any conditions of wind. It is stated that distinct advances 
have been made in the direction of fuel economy in flight since the war 
])eriod but that even now the weight of fuel carried in a commercial ma- 
chine operating over the comparatively short London-Paris route of 230 
miles and capable of a cruising speed of 100 m.p.h. is approximately half 
the full paying load carried, so that a reduction 'of the fuel load by 40 per 
cent, which is claimed to be by no means outside the range of possibilities, 
would increase the paying load by 20 per cent, other things being equal. 
The problem of fuel economy in flight may be divided into two parts: (a) 
the principles governing the most economical use of an airplane in flight, 
having regard to weather conditions, and (b) the ])rinciples underlying the 
design of airplanes to secure the maximum efficiency of operation. 


Terms of Stability Theory 

damping factor — The factor c A.t in the equation of damj)cd harmonic mo- 
tion 

s -- Ac At sin pt. 

divergence — A motion in which, after a disturbance from equilibrium, the 
body departs continuously, with oscillations, from its original state of 
motion. 

logarithmic decrement — The natural logarithm of the ratio of two succes- 
sive amplitudes in a damped harmonic motion. It is ecpial to the ])rod- 
uct AT where A is the coefficient appearing in the damping factor of 
damped harmonic motion and T is the period of the motion. 

period — The time taken for a complete oscillation. 

phugoid oscillation — A long-period oscillation characteristic of the dis- 
turbed longitudinal motion of an aircraft. This is referred to wffien it 
is said that an aircraft “hunts.'' 

resistance derivatives — Quantities expressing the variation of the forces 
and moments on aircraft due to disturbance of steady motion. They 
form the experimental basis of the theory of stability, and from them 
the periods and damping factors of aircraft can be calculated. In the 
general case, there are 18 translatory and 18 rotary derivatives. 
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rotary — Resistance derivatives expressing the variation of moments and 
forces due to small changes in the rotational velocities of the aircraft, 
translatory — Resistance derivatives expressing the variation of moments 
and forces due to small changes in the translational velocities of the 
aircraft. 

righting moment (or restoring moment) — A moment which tends to re- 
store an aircraft to its previous attitude after any small rotational dis- 
placement. 

stability — That property of a body which causes it, when disturbed from 
a condition of equilibrium or steady motion, to develop forces or mo-, 
ments which tend to restore the body to its original condition, 
automatic — Stability dejiendent u])on movable control surfaces automati- 
cally o])erated by mechanical means, 
inherent — Stability of an aircraft due solely to the disposition and ar- 
rangement of its fixed parts; i.e., that property which causes it, when 
disturbed, to return to its normal attitude of flight without the use of 
controls or the interposition of any mechanical devices, 
static — Stability of such a character that, if the airplane is displaced 
slightly from its normal attitude by rotation about an axis through its 
center of gravity (as may be done in wind tunnel experiments), mo- 
ments come into play which tend to return the airplane toward its 
original attitude. 

dynamic — Stability of such a character that, if the airplane is displaced 
from steady motion in flight, it tends to return to that steady state of 
motion, the oscillations due to restoring moments being damped out. 

In a general way, the diflPerence between static stability and dy- 
namic stability is that the former depends on restoring moments alone, 
while the latter includes the action of damping factors, 
longitudinal — Stability with reference to disturbances in the plane of 
symmetry; i.e., disturbances involving pitching and variation of the 
longitudinal and normal velocities. 

directional — Stability with reference to rotations about the normal axis ; 
i.e., an airplane possesses directional stability in its simplest form if 
a restoring moment comes into action when it is given a small angle 
of yaw. Owing to symmetry, directional stability is closely associated 
with lateral stability. 

lateral — Stability with reference to disturbances involving rolling, yaw- 
ing, or sideslipping; i.e,, disturbances in which the position of the plane 
of symmetry of the aircraft is affected, 
spiral instability — A type of instability inherent in certain airplanes 
which becomes evident when the airplane, as a result of a yaw, as- 
sumes too great a bank and sideslips; the bank continues to increase 
and the radius of the turn to decrease, 
stable oscillation — An oscillation whose amplitude does not increase, 
unstable oscillation — An oscillation whose amjilitude increases continu- 
ously until an attitude is reached from which there is no tendency to 
return toward the original attitude, the motion becoming a steady di- 
vergence. 
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Operation and Maneuvers 

bank — To incline an airplane laterally, i.e., to rotate it about its longi- 
tudinal axis. Right-bank is to incline the airplane with the right wing 
down. 

Also used as a noun to describe the position of an airplane when 
its lateral axis is inclined to the horizontal. 

ceiling: 

absolute — The niaximiiin height above sea level at which a given air- 
plane would be able to maintain horizontal flight, assuming standard 
air conditions. 

service — The height above sea level, assuming standard air conditions, 
at which a given airplane ceases to be able to rise at a rate higher than 
a small specified one (100 feet per minute in the United States and 
England). This specified rale may be different in diflferent countries. 

dive — A steep descent, with or without power, in which the air speed is 
greater than the maximum speed in horizontal flight. 

glide — A descent with reference to the air at a normal angle of attack and 
without engine power sufficient for level flight in still air, the pro- 
peller thrust being replaced by a component of gravity along the line 
of flight. Also used as verb. 

nose-heavy — The condition of an airplane in normal flight when the dis- 
tribution of forces is such that, if the longitudinal controls were re- 
leased, the nose would drop. 

pancake, to — To level off an airi)lane at a greater altitude than normal in 
a landing, thus causing it to stall and to descend on a steeply inclined 
l)ath with the wings at a very large angle of attack and without ap- 
preciable bank. 

power loading — The gross weight of an air])lanc, fully loaded, divided by 
the normal brake horsepower of the engine computed for air of 
standard density, unless otherwise stated. 

range : 

at economic speed — The maximum distance a given aircraft can cover 
while cruising at the most economical speed and altitude at all stages 
of the flight. 

at full speed — The maximum distance a given aircraft can cover at full 
speocl at sea level. 

reverse turn — A ra])i(l maneuver to reverse the direction of flight of an 
airplane, made by a half loop and half roll. 

roll — A maneuver in which a complete revolution about the longitudinal 
axis is made, the horizontal direction of flight being approximately 
maintained. 

sideslipping — Flight in which the lateral axis is inclined and the air])lane 
has a component of velocity in the direction of the lower end of the 
lateral axis. When it occurs in connection with a turn, it is the oppo- 
site of skidding (([. v.). 

skidding — Sliding sidewise away from the center of curvature when turn- 
ing. It is usually caused by banking insufficiently, and is the opposite 
of sideslipping (q. v.). 
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skywriting — ^The act of emitting from an aircraft a trail of smoke or other 
visible substance, the flight of the aircraft being so directed as to 
cause the trail to assume the form of letters or symbols, 
soar — To perform sustained free flight without self-propulsion; it is called 
‘‘up-current soaring'^ if performed in ascending air; “dynamic soar- 
ing” in other cases, 
speed : 

critical — The lowest speed of an aircraft at which control can be main- 
tained. 

economic — The speed at which the fuel-consumption per unit of distance 
covered in still air is a miniinuni. 



Instrument Board of Ryan NYP Monoplane Used by Captain Charles Lindbergh. 

landing — T1ie niinimuiii speed at which an airj^lane can maintain itself 
in level flight and still be under adequate control, 
minimum — The lowest steady speed which can be maintained by an air- 
plane in level flight at an altitude large in comparison Avith the dimen- 
sions of the Avings, Avilh any throttle setting Avhatever. 
spin — A maneuA er consisting of a combination of roll and yaAV, with the 
longitudinal axis of the airplane inclined steeply downward. The air- 
plane descends in a helix of large pitch and very small radius, the 
upper side of the airplane being on the inside of the helix, and the angle 
of attack on the inner Aving being maintained at an extremely large 
value. 
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spiral — A maneuver in which an airplane descends in a helix of small pitch 
and large radius, the angle of attack being within the normal range 
of flight angles, 

stall— The condition of an airplane when from any cause it has lost the air 
speed necessary for support or control, 
tail-heavy — In a heavier-than-air craft the condition in which in normal 
flight, the tail sinks if the longitudinal control is released, i.e., the con- 
dition in which the pilot has to exert a push on the control stick to 
keep the given attitude, 

tail slide — The backward and downward motion, tail first, which certain 
airplanes may be made to take momentarily after having been brought 
into a stalling position by a steep climb, 
taxi — ^To run an airplane over the ground or a seaplane on the surface of 
water under its own power. 

warp — To change the form of a wing by twisting it. Warping is some- 
times used to maintain the lateral equilibrium of an airplane, 
wing-heavy— The condition of an airplane in which (in normal flight) 
there is a tendency for the right (or left) wing to drop, if the lateral 
control is released, i.e., the condition in which the pilot has to exert 
a lateral force on the control stick to keep the lateral axis horizontal, 
zoom — ^To climb for a short time at an angle greater than that which can 
be maintained, in steady flight, the airplane being carried upward at 
the expense of its kinetic energy. This term is sometimes used as a 
noun to denote any sudden increase in the upward slope of the flight 
path. • 


QUESTIONS FOR REVIEW 

1. Outline main factors reKulatintf airpiane equilibrium and stability. 

2. What is the point called in an airplane where the forces centered? 

3. What is the difference between the “center of i)ressure” and the “center of 
gravity” ? 

4. Why are relatively small control surfaces effective in balancing or steering 
an airplane? 

5. Compare wing warping and ailerons for controlling lateral balance. Which 
method is best? 

6. Compare “stick” and "Dep" control systems. 

7. Why is an airplane “banked” in turning? 

8. Describe “balanced control surfaces" and outline principal mctliods of 
balancing. 

9. What is tlic influence of rear stabilizer placing on airplane balance? 

10. Name factors controlling ground run of airplanes in starting and alighting. 



CFIAPTER XIII 

UNCRATING, SETTING UP AND ALIGNING AIRPLANE 

How to Unpack a Curtiss JN-4 Biplane — How Parts are Packed — Examination of 
Parts before Assembly — Assembling Landing Gear to Fuselage — Center Section 
Panel Assembly — Main Panel Assembly — Adjustment for Dihedral — Three Meth- 
ods of Checking Dihedral— Checking Stagger— Wash-in and Wash-out — Empen- 
nage or Tail Assembly — Landing Gear — Horizontal Stabilizer — Vertical Stabilizer 
—Elevators — Rudder — Aileron Adjustment — Rudder Control Adjustment — Eleva- 
tor Control Adjustment — General Instructions — Checking Alignment of Wings 
and Fuselage— String and Straightedge Method of Aligning Fuselage— General 
Rules for Assembly and Alignment — Typical Alignment Drawing Explained— 
Handling Airplanes on the Ground. 

While it is possible to assemble an airplane by many methods and in 
various sequences, it will expedite and safeguard many ])ossiblc errors to 
follow closely the chronological order established by such cxj^erience that 
has been gained by the several government schools during the past, and 
now adopted as the standard by most manufacturers. The Curtiss training 
biplane is taken as an examjde because it is a well-knpwn pre-war type, 
and widely used in all parts of America and in Canada. Other types of air- 
planes will need different methods, depending upon their design but as in- 
structions are usually furnished by their makers, the routine ])roccdure can 
be varied as conditions make necessary. The procedure for atiy biplane 
will be practically the same as for the Curtiss JN4, which is one of the best 
known and most widely used of all wartime i)lanes by civilians. Packing 
an airi)lane for shipment can be easily accom])lished by reversing the order 
of operations given for unpacking, with such modifications as will suggest 
themselves to the mechanics doing the work. 

How to Unpack a Curtiss Biplane 

1. Fuselage. — The fuselage of the JNs comes packed in sj)ecial cases to 
prevent damage occurring while un])acking. To assure success the follow- 
ing instructions should be followed explicitly. 

2. The packing case should always be kept on a flat surface to prevent 
warping the body of the machine. To ])revent the necessity of turning the 
fuselage over and to ])revent shifting of the motor, the case should aUvays 
he kept with “Top” uppermost. The top may be easily recognized by its 
construction and by the mark. 

3. In opening the case use a nail ])uller — never an axe or saw. 

4. In taking off the to]), draw' out all the nails that are driven through 
the sides and ends. This w ill allow' the top to be taken off wdiole. Full 
nails from, and remove cross l)raccs to free proj^eller. wdiicli can then be 
lifted from case. 

5. The next step is to remove the side marked “Front,” and then the 
ends. All metal strips should be taken off first. The bottom and back side 
arc left in jilace. 
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tached to the control walking beams, with ends passed through the fair- 
leads and coiled up in the fuselage back of the seat of the pilot. The 
rudder control wires are fastened to the foot control bar, and lead to the 
rear end of the fuselage cover, coiled up ready for leading through the 
fuselage for fastening to the rudder. 

The landing gear, with cross stay wires connected up loosely, is com- 
pletely assembled in this case. The landing gear wheels, propeller and 
exhaust equipment are also in this box. 

(2) The panels with sockets and hinges all attached are in the panel 
box. The transverse and longitudinal wires arc attached to the under side 
of the upper wing, coiled up and ready for attaching to the lower wing. 
The aileron control pulleys are in place on the under side of the upper wing; 
the aileron control cables have been passed through these pulleys and are 
coiled up with shackles and pin at one end for attaching to the control 
pylons of the aileron, and turnbuckles at the other end to be attached to 



Fig. 265. — Landing Gear Installed on Fuselage of Training Biplane. 


the lead which comes from the stick control segment and through the side 
of the fuselage. This same panel case also contains the elevators and 
rudder with control pylons removed. This case contains all the control 
pylons for the ailerons, elevators and rudder. In this box also are contained 
the panel struts and engine section struts. The details of contents are 
given in the packing lists, marked “Panels.” 

When using a sling in lifting box containing the fuselage, care should 
be taken that the center of the lift comes somewhat ah^ad of the center of 
the box toward the motor end. This point can be quickly determined by 
trial, by lifting the bridle until the box rides level. 

Examination of Parts Before Assembly. — With each fuselage box is sent 
a set of assembly drawings. These drawu’ngs should be studied carefully 
before commencing erection of machine. Each part should be identified by 
comparison with the erection prints as it is taken from the box. Each part 
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which is packed separately from the unit of which it is a member havS its 
identification number attached. All such units should be assembled before 
the machine i^roper is started on. If the instructions for unpacking’ are 
followed closely the danger of injury to members will be greatly lessened. 
The entire machine has been inspected and checked before shipment, but 
before setting up is attempted, go over the machine thoroughly and note 
the following : 

A. Fuselage. 

1. That no members are bent or damaged. 

2. That the wires are in good condition. The fuselage trussing is 
shipped trued up, and hard wires should ])e taut. Safety wire on 
all turnbucklcs on these wires should be intact. 

3. No bolts on the trussing fittings should be loose or unlocked. 

4. Be sure that the flexible cable leads are not kinked or the cable 
worked open. Tlicsc leads will be found coiled up out of the 
way and should be left there till needed. 

5. Make sure that no bolts or locking devices needed to erect the 
machine are missing. These l)oIts have been either ])ut in ])lace 
on the fitting to which they belong or will be found in a small 
bag in the front part of the fuselage case. 

6. See that no exposed fittings necessary for abgnmcnt to other 
members are damaged or bent. 

7. All motor and instrument connections should be tight and prop- 
* crly made. 

B. Panels and Tail Surfaces. 

8. Surfaces must not be lu'oken or torn. 

9. Units should be com])aratively tight and not easily warped or 
betit out of alignment. This part of the inspection is eptite im- 
portant, as these members arc covered and cannot be readily in- 
spected after erection is complete. If all members in the plane 
of the trussing are in alignment and not damaged, overstressed, 
or slackened, a considerable degree of rigidity may be exi)ected. 

10. All fittings on these surfaces should be tight and all bolts j)rop- 
erly locked, 

11. No flying, landing, or cross-bracing cables should be kinked, or 
the cable strands loosened. 

C. General. 

12. Check off on the packing sheets the remaining members neces- 
sary to complete the setting u]). Make sure that all are ])resent. 

Assembling Landing Gear to Fuselage. — To assemble the landing gear, 
mount the wheels t)nto the axle and bolt in place, the fuselage is then ele- 
vated, either by tackle or by shims and bU)cking. If block and tackle are 
used, pass a line under the engine bed supports Just to the rear of the 
radiator. To this line the hook of the block should be attached. Lifting 
device must not be attached to any other part, as there is danger of dam- 
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aging or crushing. With the fuselage now resting on blocking, location of 
same being under the fuselage, at a vertical member of the fuselage side 
trussing, just ahead of the tail skid, lift the front end until the lower 
longeron clips for attachment of landing gear struts clear the landing gear. 
The.se clips may be easily fotind on inspection. The short bolts, with lock 
washers, nuts and cotters are found in the clips attached to the bottom 
longerons. With the lock washers under the heads of the bolts, and when 
the clips on the longerons line U]) with the clips on the ends of the landing 
gear, the bolts are passed down through the holes thus aligned. This facili- 
tates assembling and inspection by placing the bolts on the down side. The 
castellated nuts are then put on the bolts and draw'ii tight until the drilled 
hole on the bolt is visible through the castle of the nut. The cotter pin is 
then inserted and the leaves spread back in two directions, which locks the 
nut in place. When the landing gear has been complete!}^ assembled to the 
fuselage, the tail of the machine should be elevated by a horse and blocking 
under the tail until the top longeron is level. Use a spirit level to de- 
termine this. 

The other method that may be used in raising the front end of the fuse- 
lage to assemble the landing gear is as follows: Take out the blocking and 
front flooring of the shipping case from under the fore part of the fuselage. 
Insert a block under the bottom longerons at a point ahead of the i)oint on 
which the fuselagfe is resting in the case. Tliis block should he aligned un- 
der the vertical strut as showm in Fig. 264. The floor to the rear of the 
block may now be taken out. The nose of the machine is elevated by lower- 
ing the tail, using the above mentioned block as a fulcrum. Thh nose of 
the machine should next he blocked up, being sure to ])Iace blocking under 
radiator bracket and not under radiator. Now lift the tail of the machine 
and this nose blocking will serve as a fulcrum and the fuselage at station 4 
will clear the blocking at that point. Again block up under station 4 with 
wedges until block is tight against lower longeron. Again elevate the nose 
of the machine by de])rcssing the tail. The nose blocking will now need to 
be increased. Thus, by alternately changing the fulcrum point and in- 
creasing the blocking, the nose will be finally raised to the point where the 
landing gear may be assembled to the fuselage. The appearance with land- 
ing gear installed is shown at Fig. 264 D and at Fig. 26S. 

Center Section Panel Assembly. — The engine, or center section panel, 
must be erected before the main panels can be connected to the fuselage. 
The center section struts are first placed in their sockets on tlie upper 
longerons. These posts will be found in the panel box. The forward pf)sts 
are approximately held in place by the flexible wire lines, which will be 
found coiled up and fastened to the under .side of the cowl in the motor 
compartment. The rear struts are approximately held in jdace by the flexi- 
ble wire lines leading from the lower longeron at station 7, and will be 
found tied to the control stick in the forward cockpit. The center panel is 
now mounted on the struts after the front transverse bracing l)etween the 
posts is trued up approximately. The engine section panel posts and wires 
may then be trued up before further erection. To obtain this condition all 
similar wires are adjusted to the same length. 



536 


MODERN AIRCRAFT 


Main Panels Assembly. — There are two methods of assembling the main 
panels to the machine. The panels, struts and wires may be assembled 
before attaching to the fuselage, or assemble the upper panel to the center 
section and then complete assembly. The first method is considered the 
better, as it permits of setting the main panels at the correct stagger and 
dihedral, requiring less subsequent adjustment than the other method. 

First Method. All the main struts are marked with a number. The 
method used is as follows: Starting with post No. 1, which is the outer 
post on the left-hand side of the pilot as he faces the direction of travel, the 
front posts are numbered to No. 4, Nos. 1 and 2 being on the left side, and 
Nos. 3 and 4 being on the right. The rear posts are similarly numbered, 
from 5 to 8, Nos. 5 and 6 being on the left and Nos. 7 and 8 on the right. 
This does not include the center section struts. (See A, Fig. 267.) 



Fig. 266. — Lower End of Interplane Strut Showing Wing Fittings, and Turnbuckles 
and Clevises at Fitting End of Flying and Landing Wires. 

This system of marking also insures that the struts are not inverted. 
To accomplish this, all niiml)ers on the struts have been painted so that 
they may be read from the pilot's seat.- By this method an inverted strut 
can quickly be detected. 

The upper left wing panel is first equipped with the front and rear masts 
by inserting the masts into their sockets on the upper surface of the panel. 
Then connect up the mast wires to the anchor plates, which will be found 
on the upper surface of the right and left mast-socket. Use the turnbuckles 
to adjust the tension of these wires, until the front and rear wing beams 
become straight in a vertical plane. 

Stand the upper left wing panel and the lower left wing panel on their 
leading edges, properly supporting the panels in cushioned blocks to pre- 
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Fig. 267. — Diagrams Illustrating Rigging Instructions. 

vent damage to the nose. Space the panels apart, approximately equal to 
the length of the struts. 

Next the diagonal cross wires must be connected up. Connect these 
loosely to permit the easy entering of the posts into the sockets. The wires 
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must 1)C connected before the posts or struts are set in ])lace, because if the 
latter are in place the connecting’ of the wires to the lugs of the sockets is 
quite difficult. After these wires are thus inserted, insert the posts and 
bolts into place. 

Connect up loosely the landing (single) wires and flying (double) wires 
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of the outer bay to hold the wings together as a unit. The outer bay is thus 
completely wired, though but loosely. 

The posts that are used for this left side are Nos. 1, 2, 5 and 6, according 
to the diagram. No. 1 is the outer front, No. 2 the inner front, No, 5 is the 
outer rear, and No. 6 the inner rear. 

The wings may now be erected to the fuselage. Extreme care must be 
used to prevent straining or breaking them. In carrying, use boards under 
the wing beams so that these take the strain off the load. Handling the 
wings by using the j^osts as carriers or by attachments to the leading or 
trailing edges should not be attempted. 

The wings must be firmly supported by slings or wooden horses. The 
wings will have the approximate stagger if assembled as above, as the 
])osts are in place and the tension wires are adjusted to almost correct 
length when shipped. Insert the hinge ])ins through the hinges as now 
coupled up. 

If an overhead crane or telpherage system is at hand, the carrier shown 
at Fig. 268 can be used as shown by the dotted installation. The lower 
(illustrated) condition is convenient for hand trans])ortation. One carrier 
should be inserted under each panel point of the wings (next to the inter- 
plane posts), care being taken to use filler or spacer blocks under the main 
wing si)ars to carry the load and not take the weight on either wings or 
fabric as this will 'surely injure these parts. 

Adjustment for Dihedral. — The fuselage must now be leveled up trans- 
versely and longitudinally. A spirit level placed across the top longerons 
will determine the transverse condition. With the level placed fofe-and-aft 
on the longerons aft of station 5, the longitudinal level is established. 

Adjust the tension on the flying and landing Avires until the dihedral of 
one (1) degree is established, also to make the leading and trailing edges 
parallel and straight. The amount of lift for the one (1) degree dihedral is 

inches in 13 feet 6 inches (distance from the inner edge of the panel to 
the center line outer pf)st). An easy method for checking the correct ad- 
justment of the dihedral is to place a block inches high on the upper 
surface of the lower wing, at the extreme inner edge. A straight edge rest- 
ing on this block and on the upper surface of the wing (straight edge kept 
])arallel to front or rear beam) should be level, Fig. 267 B. 

This may also be checked by using a light spirit level suspended from a 
string or copper wire stretched over the given range. If a block 2^ inches 
high be clamped to the inner edge of the panel, and a line pulled taut from 
this block to the center line of the outer beam, the level suspended next to 
the block will be sufficiently sensitive to determine the required degree of 
dihedral. Fig. 267 B shows the arrangement diagrammatically. 

If the outer end of the wings is too high, the landing (single) wires are 
too short and the flying (double) wires are too long. Uence, tightening iq) 
equally on the inner and outer front and rear flying (double) wires will 
correct this condition. If the panels are too low (dihedral not iq) to one 
degree), reversing the above method corrects the condition. I'he oppos- 
ing wires must also be ])ro])crly readjusted. 

Three Methods of Checking Dihedral. — During the adjustment for stag- 
ger and dihedral the rigging for sup])orting the j^nels must be maintained 
in place. Do not safety wire one side until the oj)posite side has been 
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erected. The machine will then be equally loaded on both sides. Go over 
the dihedral and stagger dimension to check up any possible change. When 
both sides agree with the specified values, safety wire all turnbuckles as 
shown at Fig. 267 E. 

First Method. 1 inch vertically in every 57 inches horizontally equals 
one degree dihedral. 

Second Method, Multiply the sine .0175 for every inch laterally equals 
one degree dihedral. 

Third Method. Use straightedge and Starrett protractor as a dihedral 
board. 

Checking Stagger. — First Method. The plumb line can be conveniently 
tied to the base of the wing mast on the upper panel. When checking the 
stagger at the inner end, the string may be attached to any of the upper 
panel upper surface fittings. 



Use of Dihedral Angle Board 
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Fig. 269. — Use of Dihedral Board Shown at A. Checking Dihedral by Measurements 

Shown at B. 

Second Method. A straightedge set vertically by plumb (level) is 
practical field method for checking up. Both of these methods are shown 
at Fig. 268 B. 

Wash-in and Wash-out. — The turning of the propeller produces a tend- 
ency to turn the whole airplane around in the opposite direction to that 
in which the propeller is running. This tendency was very marked in some 
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of the earlier machines, especially the small monoplanes. This is overcome 
in some machines by increasing the angle of incidence of the plane on the 
side which would tend to tip down and in some cases to decrease the angle 
of incidence on the other side. By so doing there is slightly more lift on one 
side of the machine than on the other, which corrects the tendency to turn 
around the center line of thrust. Two terms which are used in this con- 
nection are “wash-in” and “wash-out.” When the angle of incidence in- 
creases from the center to the end of the plane it is called “wash-in,” and 
when it decreases from the center to the ends it is called “wash-out.” This 
is clearly shown at Fig. 267 C. 

Empennage or Tail Assembly. — The horizontal stabilizer, vertical sta- 
bilizer, rudder, and elevators are assembled to form the empennage. As 
shown at Fig. 271, the horizontal stabilizer is mounted at the rear end of 



Fig. 270. — How to Check Angle of Incidence of Wings. This is Determined on Most 
Planes by Location of Wing-Panel Support Fittings on Fuselage. 

the fuselage with its lower surface resting on the top edge of the upper 
longerons. A system of struts arranged from the under side of the sta- 
bilizer to the lower longerons and tail post anchors the stabilizer to the 
fuselage in a fore-and-aft direction. The vertical stal)ilizer is anchored on 
the upper center line of the horizontal stabilizer by suitable clips and tie- 
down cables. 

The rudder is hung from the end edge of the vertical stabilizer and tail 
post of the fuselage. The guy lines from the control braces to the trailing 
edge are so fixed as not to interfere with the elevators during any position 
of operation. The upper edge of the rudder is in a continuous line with the 
leading edge of the vertical stabilizer. The elevators are arranged on the 
trailing edge of the horizontal stabilizer. The inner edges of the elevators 
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|ig. 271. — Diagrams Showing Main Dimensions of Curtiss JN4 Training Biplane. A — Plan of Assembly of Horizontal Stabilizer and 
Ilevator, B — Assembt^' of Vertical Fin and Rudder. C — Plan View of Airplane with Wings and Empennage in Place on Fuselage. 
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are fixed so as to permit of operation of the rudder through an arc of at least 
30 degrees each side of the fore-and-aft center line. 

Landing Gear. — The landing gear is of the ‘‘V” type cross-braced con- 
struction. It is composed of two trusses, properly separated and cross- 
braced. The lower ends of the members of each side truss end in the fit- 
tings of the continuous cord shock absorber bridge. The landing gear is 
connected to the lower longerons with proper fittings. The axle is properly 
streamlined. The bridge is so aligned vertically as to permit an upward 
and downward movement of the landing gear axle. The shock absorbing 
l)ridge is of the style known as the continuous rubber cord shock absorber. 

The shock absorbing unit of the bridge is a continuous built up rubber 
cord covered with fabric. This cord is firmly wound around the axle saddle, 
which passes through the steel bridge and rests over the axle on both sides 
of the struts. The bridge itself is a lightened steel member with a slotted 
arrangement allowing the vertical movement of the axle. This guide for 
controlling the vertical movement is curved in a transverse direction to 
accommodate the vertical rotation of the axle about one wheel in case of a 
side landing. 



Fig. 272. — Rear View of Fuselage with Horizontal Stabilizer Attached. 


Horizontal Stabilizer. — This member is assembled to the fuselage after 
the upper longeron is levelled up. Each upper longeron has one U bolt and 
one special bolt to fasten down the horizontal stabilizer. This U bolt is just 
ahead of the tail and passes under the longeron with the legs pointing up- 
ward. These bolts extend through the stabilizer and are fastened with 
nuts. They serve to hold the leading edge of the stabilizer. Two special 
bolts are arranged at the tail of the machine so that they extend through 
the horizontal stabilizer, one on each side of the vertical stabilizer. These 
bolts also extend through a small L-shaped piece on each side, which is 
fastened to the vertical stabilizer. This fastens both stabilizers to the tail 
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of the fuselage. These two bolts are flattened on their lower ends so that 
they rest against the tail post and are held to it by one bolt running through 
and by two screws, one on each side. All nuts are castellated and fastened 
with cotter pins. (See Fig. 272.) 

Vertical Stabilizer. — Next, the vertical stabilizer is fastened to the hori- 
zontal stabilizer with the bolts which pass through the fore-and-aft parts 
of the horizontal stabilizer and with the hard wire stay lines running to the 
upper surface of the horizontal stabilizer from the top of the vertical sta- 
bilizer. The forward bolts pass through the clip at the lower front point 
of the vertical stabilizer. The bolts which are fastened to the tail post of 
the fuselage, and engage the after end of the horizontal stabilizer, also en- 
gage the lugs fastened to the bottom edge of the vertical stabilizer at the 
rear. The nuts should be drawn up tight and locked with cotter pins. To 
align the vertical stabilizer hard wire lines and turnbuckles are used. (See 
Fig. 273.) 



Fig. 273. — Rear View of Fuselage Showing Vertical Fin Assembled and Stabilizer 

Braces in Place. 

Elevators. — In assembling the elevators, first put on the control braces 
which will be found with all necessary' bolts, nuts, and cotters in the case 
with the wing panels. The position of the base of the control brace is indi- 
cated on Fig. 275. The upper tips of these braces point to the hinge line. 
Hinges and hinge pins are used to mount the elevators to the horizontal 
stabilizer. Cotter pins are used to keep the hinges in place, and are in- 
serted through the holes drilled in the bottom of the hinge pins. (See Fig. 
275.) 

Rudder. — The control pylons or l)races are first attached to the rudder. 
They are so placed that the upper tips point to the hinge line, thus matching 
up the holes. The bolts and nuts for fastening braces to the rudder are 




SETTING UP AND ALIGNING AIRPLANE 


545 


shipped and fastened to the braces. Before mounting the rudder, see that 
the vertical stabilizer is in plumb alignment with the tail post. This align- 
ment is absolutely necessary. The rudder may now be mounted onto the 
tail post and vertical stabilizer by means of hinges. The hinge pins are 
now inserted in the hinges and cotter pins put in the holes at the bottom of 
the pins and spread backward. (Sec Fig. 274.) 


j 



Fig. 274. — Rear View of Fuselage with Vertical Rudder in Place. 


Aileron Adjustment. — Attach both ailerons (one on each side of ma- 
chine, after liaving mounted control braces to ailerons) and fasten pins of 
hinges with the necessary cotter pins. Tem])orarily support ailerons so 
that their trailing edges are one inch below the trailing edges of the upper 
panels. Then connect up the flexible tie-line that, passing over the top of 
the upper wings through fairleads, is connected at the center by a turn- 
buckle and, passing through pulleys attached to the upper surface front 
beam, is attached (by shackle and pin) to the ui)pcr control brace of the 
aileron. This “lead” is allowed so that, when in flight, the force of the lift 
will somewhat raise both ailerons and bring their trailing edges on a line 
with the trailing edges of the panels. Now lead the end of the aileron con- 
trol line attached to sector through the hole in each side of the fuselage (be- 
tween front and rear seats). Uncoil the connecting line which passes over 
the pulley attached to the lower surface of the upper wing near the front 
outer post. Attach shackle and pin end to lower control brace of aileron, 
and attach turnbuckle end to loop of aileron control lead attached to con- 
trol sector in fuselage (and which passes through side of fuselage). In 
making this last attachment, the leads should be so arranged (by moving 
the stick of the controls) that the lengths projecting through the fuselage 
are equal. 
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Rudder Control Adjustment. — Uncoil the lines attached to the rudder 
bar, to lead out through the upper surface of the rear end of the fuselage 
cover, and, keeping the rudder control bar at right angles to the longitudinal 
axis of the machine, fasten the ends to the control l^races. Next take up 
the slack of the lines by means of the turnbucklcs, adjusting the tension 
equally in each set; the rudder control bar (foot control bar) should remain 
at right angles to the longitudinal axis when the rudder is neutral (or in a 
vertical plane through this fore-and-aft axis). 



Fig. 275. — Rear View of Fuselage with Right-Hand Elevator Flap Installed. 


Elevator Control Adjustment. — Temporarily maintain the elevators in 
the plane of the horizontal stabilizer (neutral ])osition). Move the stick 
forward until the distance between the instrument 1)oar(l and the nearer 
surface of the tube of the stick is nine and one-half (9j/(>) inches. By fixing 
this distance from the instrument board or dash to the tube of the stick, a 
slight lead is given to the control for the greater range for raising the ele- 
vators. Now uncoil the wires leading from the clips attached to the walk- 
ing beams of the stick control, and coiled up aft of the pilot’s scat. Pass the 
wire attached to the lower end of the beam out through the side of the 
fuselage, through the lower of the two vertical holes, aft of the pilot’s seat. 
With the control stick lashed, or fastened, to the nine and one-half (9j4) 
inch position, connect this wire to the lower control brace of the elevator. 
Repeat operation for other side of machine. 

Similarly the wire attached to upper end of the walking beam is passed 
through the upper hold in fuselage side, and attached to the upper control 
brace of the elevator. Photograph at Fig. 276 sln)ws the general arrange- 
ment of the control wires at the rear of the fuselage. Adjust tension in 
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these wires by means of turnbuckles, so that all lines have the same degree 
of tautness. The elevators will then be neutral for this position of the,^ 
bridge. 

General Instructions. — ^All connections having now been made, care- 
fully go over each shackle, pin and turnbuckle, and see that all pins are 
properly in place, all nuts on bolts tight, and all cotter-pinned. Try out all 
controls for action and freedom of movement. See that no brace wires are 
slack, yet not so taut that, when plucked, they “sing." Attach nose or drift 
wires leading from nose of machine to intermediate posts, front and rear. 
The lower wire connects nj:) with the lower front socket on the upper sur- 
face of the lower panel ; the u])]>er wire connects uj) with the upper rear 
socket i)late on the under side of the upper panel, after the panels are at- 
tached to fuselage, with stagger and dihedral pro])erly corrected. 



Fig. 276 . — View of Airplane Fuselage Rear with Elevator and Vertical Rudder Control 

Cables in Place. 

Checking Alignment of Wings and Fuselage. — 'J'o align the cellule ac- 
curately with the fuselage, measure carefully from rudder post A to the rear 
outside bolts of outside strut fittings; from front bolts C' of outside strut 
fittings to the propeller shaft b). If the ]>arts are in correct alignment, dis- 
tances C-D will be equal to each other and distances A-H will also be the 
same on both sides of the machine. This method is clcaily outlined at Fig. 
277. 

String and Straightedge Method of Aligning a Fuselage. — 1. True up 

the two front struts of the landing gear by diagonal measurement from 
corresponding points on the axle. 

2. Square up the master struts with the loj) and bottom longerons by 
adjusting the interior cross wires. If there is any difference in the width 
of the top and bottom longerons, make it equal on each side. Also note 
that the engine beds are parallel by proper adjustment. When adjusting 
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one set of side wires, always loosen the cross wires in section to be next 
adjusted. 

3. Square the top longeron of No. 1 section on one side of fuselage with 
the center line of the master strut lengthwise. Raise or lower opposite 
front flying strut until longeron of same section is parallel with tops of 
master struts using the cross wires in the No. 1 section for this adjustment. 

3a. To sight top longeron on one side ])arallel with the longeron on 
other side, place a white board about three feet long by 12 inches wide 
across top longeron, just forward of master strut fittings; place a black 
straightedge across longerons just back of master strut fittings with the 
white board for a background ; place a white straightedge across top 
longerons just back of front flying strut fittings. Now' sight from the rear 
of the tail post, raise or lower side to be adjusted until the top of the white 
straightedge coincides over its entire length wdth the top of the black 
straightedge. 



Fig. 277. — Diagram Showing how Alignment of Wings and Fuselage is Verified. 


4. Square u]) the side of the to]) longeron in No. 1 section lengthwise 
with the tops of the master strut fittings by adjusting the bottom cross 
wires in the No. 1 section. Then scjuare up the sides of the front flying 
struts with the top longerons. This completes the No. 1 section. 

5a. Now stretch a string from each side of the top longeron at the 
master strut fittings (held 1 inch from the side of the longeron by a stick 
inches long laid across fuselage) to the tail post (held same distance 
apart by a straightedge laid across center of last section). 

5b. Place wdiite straightedge in front of the rear flying strut fittings. 
Hold the string against the bottom of Ihis white edge and raise or lower the 
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rear flying strut until the string is flush with the top of longeron, at the 
front of flying strut, then sight straightedges until tops coincide. (If, 
when the straightedges sight parallel, the string does not check flush with 
the longerons at the last adjusted strut, then the strut should be readjusted 
before proceeding further.) This makes the top longerons parallel in No. 
2 section. 

Sc. Square the sides of the rear flying struts with the top longerons, 
equalizing the difference, if any, using the interior cross wires for this ad- 
justment. 

5d, Make the sides of the top longerons straight lengthwise by adjust- 
ing the bottom cross wires of No. 2 section until the string is the same 
distance from the longeron at the rear flying strut as at both the master 
strut and tlie front flying strut, and the No. 2 section is completed. 

6. Now' tighten carefully the rear cross wdres of the landing gear until 
they are sufficiently taut and the same tension. 

7. Repeat 5a, b, c, d, in No. 3 section, but check string flush with tops 
of longerons at rear flying struts instead of front flying struts. 

8a. In section No. 4 make longerons jiarallel and straight as before and 
then square up the sides. 

8b. With side strings equal distance from each master strut and No. 1 
strut, tie another string on the center of the No. 1 top cross strut and the 
center of the string spreader (straight edge) at tail. As the longerons 
taper inward from the No. 1 strut to the tail post the above string is used 
to get the fuselage straight by checking with the center lines on top cross 
struts. • 

9. After getting No. 2 top cross strut central, center string may be 
loosened from the tail fastening and the remaining cross struts may be 
made central by holding the string on the center mark of each strut and 
adjusting to the right or left until string coincides wdth center mark on 
No. 2 top cross strut. 

10. To get the longeron straight at the tail post, place three cubes (each 

inches square) on toj) longeron at last three sections, and adjust tail 

])ost until tops of all three cubes arc flush wdth the straightedge placed on 
them. 

11. The tail post should be square with the sides of the fuselage and to 
make it so. place a large square across the tops of the top longerons at the 
stabilizer section, letting one side of it hang i)arallel with the fuselage; 
and with a straightedge against the u])per and low'cr rudder hinge fittings 
sight across or along the edge of the straightedge and the hanging side of 
the square, adjusting wires in the last section until the tail post comes 
square. 

12a. Engine bed and engine section. The rear ends of the engine bed 
pieces are parallel with the toj) longerons by their co;istructi(m and the 
entire length of the etigine bed ])ieccs is made to coincide wdth the rear ends 
by adjusting the side cross wu’res of the engine section. First ascertain 
which side of the engine bed is high, then place a straightedge on top of the 
top longerons over strut forw^ard of the master strut. If the same side 
shows high, then adjust by the cross w'ires in the section next to the master 
strut. But if the longerons are parallel, crosswise at this point, then raise 
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Fig. 278. — Diagrams Showing Dimensions of Widely Used Curtiss JN4 Training Biplane, a Popular and Widely Used Wartime Design 
of Great Reliability and Easy Control. Thousands of These Machines have been Used in Civilian Fl 3 ring. 
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the nose by adjusting the cross wires in the nose section until the front end 
of the engine bed pieces are parallel crosswise with the rear end. 

. 12b. Raise or lower both sides of the entire engine section until engine 
bed pieces are parallel lengthwise with the tops of the longerons. 

12c. Fasten strings at a set distance from the side of lower longerons at 
the rear flying struts to the side of the lower longerons at the nose of the 
fuselage. Now adjust the nose of the fuselage to the right or left until the 
string is the same set distance from the side of the master struts. This 
should align the fuselage practically accurate. 

Fuselage alignment is very important as much depends upon its ac- 
curacy. If the rear end is not true and level, the flying qualities will be 
impaired because the empennage will be twisted instead of in its correct 
plane. Any lack of alignment will be indicated by erratic flight. Just as 
it takes a straight, true arrow to hit its mark, so it takes a well aligned 
fuselage to insure true flight and ready control. 



Fig. 279. — Instruments Used in Checking Airplane Alignment. A — Clock or Goneom- 
eter. B — Extemporized Level and Pendulum Arrangement to Check Incidence 

Dihedral and Other Angles. 


The Curtiss JN4 Air])lanc was a pre-war development and has been 
generally described in tlie aviation ])rints. so its construction and detail 
features arc so well known and so many of these airplanes have been used 
in civilian flying since the close of the war that a review of the main dimen- 
sions and features of this thfiroughly tried, safe and practical airplane, 
which is re])roduced from the instruction book of the piakers will be of 
value to the student. This airplane is clearly shown at Fig. 278 and is an 
excellent example of conservative yet reasonably modern airplane design. 
The writer had considerable experience with the Curtiss JN series while 
Chief Engineering Officer at ITazlehurst Field, Mineola, L. I., early in the 
war where several hundred such planes were under his direct supervision. 
They were so reliable that a record was established during an entire flying 
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season of having more miles flown per unit equipment than any other field 
in the United States and this was done despite the rush and stress inci- 
dental to wartime training of pilots, nnthout a fatality. Flying fields using 
some other makes were not so fortunate. For this reason, the writer, will 
always have a soft spot in his heart for the old this model is 

known wherever airplanes are spoken of. 

General Dimensions: 


Wing span — upper plane 43 ft., 7H in. 

Wing span — lower plane 33 ft., 11J4 in. 

Depth of chord in. 

Gap between planes 60 in. 

Stagger • 16 in. 

Length of machine, over all 27 ft, 4 in. 

Height of machine, over all 9 ft, in. 

Normal angle of incidence of panels 2 degrees 

Dihedral angle 1 degree 

Sweep back 0 degree 

Angle of incidence of horizontal stabilizer 0 degree 

Areas: 

Upper planes* 167.94 sq. ft. 

Lower planes* 149.42 sq. ft. 

Ailerons (each 17.6 sq. ft.)* 35.20 sq. ft 

Horizontal stabilizer 28.70 sq. ft 

Vertical stabilizer 3.80 sq. ft. 

Elevators (each 11.00 sq. ft.) 22.00 sq. ft. 

Rudder 12.00 sq. ft 

Weight: 

Net weiglit, machine empty 1430 lbs. 

Gross weight, machine loaded 1920 lbs. 

Useful load 490 lbs. 

Fuel (21 U. S. Gals.) 130.0 lbs. 

Oil 30.0 lbs. 

Pilot 165.0 lbs. 

Passenger 165.0 lbs. 


Total 400.0 lbs. 

Loading per sq. ft supporting surface 5.45 lbs. 

Loading per R. H. P 21.35 lbs. 

Performance: 

Speed, maximum, horizontal Oighl 75 miles per hr. 

Speed, minimum, horizontal flight 45 miles per hr. 

Climb in 10 minutes 2000 ft. 

Motor: 

Model OX-5, four-stroke cycle, 8-cylinder, water-cooled. 

Horsepower (rated at 1400 R.P.M.) 90 

Weight per R. H. P ..4.33 lbs. 

Bore and stroke 4 in. x 5 in. 


♦Total supporting surface, 352.56 sq. ft 


General Rules For Assembly and Alignment. — During the late war, the 
writer for a time immediately preceding the armistice was Chief Aero- 
nautical Engineer at the 3rd Aviation Instruction Center of the A. E. F. 
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which was located in the country surrounding and adjacent to the towtts of 
Issoudoun and Vatan, Indre, France. This flying center consisted of fifteen 
flying fields and each field made use of a different type of airplane, ranging 
from clipped wing Penguins or '‘Roulers” on the field where the first train- 
ing was given to Spads and DH planes for most advanced training. In all, 
there was seventeen different types of airplanes in daily use and the total 
number of planes available at all fields was over 1,000, ranging from slow 
training planes of even then obsolescent design to fast scout planes of the 
latest types. One of the makes of planes used in the greatest number was 
the Nieuport in its various tyi)es. 



Fig. 280 . — How Level and Pendulum Arrangement is Used to Check Incidence of 

Lower Biplane Wing. 


In getting out orders for assembling and alignment, the authorities were 
somewhat handicapped because specific instructions given for one type did 
not always apply to the other makes so some general rules were promul- 
gated by the Technical Dei)artnient that were of value in that they formu- 
lated basic princi])les (ff procedure to be followed in the case of all airplanes. 
As these may be of interest, they arc re])rinted. Two instruments that were 
found of great value in connection Avith the assembling and maintenance 
of airplanes at this flying center are shown at Fig. 279. That at left was 
known as the “clock’' by the men but Avas called a goneometer by the 
makers. It gave a range of angle readings from 0 to 45 degrees in either 
direction, the reading being obtained direct by an indicating needle point- 
ing to the divisions on the face. 

An extemporized instrument, not so fancy in ai)pearance but just as 
effective in service Avas built at the field instrument shops to give direct 
readings of angles. A steel level formed the base of the device, from Avhich 
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a tubular V framework extended upward. At the apex of the V a ball bear- 
ing carried a pendulum member, well weighted at its lower end. The 
pendulum bol) carried a pointer which registered with graduations on a 
protractor like scale, this giving readings up to 20 degrees in either direc- 
tion. This is shf)wn at the right (^f the photograph Fig. 279. Tlic method 
of using it in connection with an incidence stick is shown at Fig. 2tS0 while 
one of the uses of the goneonieter is shown at Fig. 281, an a])plication obvi- 
ously impossible with tlie level and pendulum contrivance. 



Fig. 281. — Goneometer Shows Angles in Any Position. May be Used for Vertical or 

Horizontal Surfaces. 


First Step in Assembling a Plane. — ^hc fuselage in a flying posi- 

tion. This is done by blocking U]) the ‘tail and undercarriage until the 
longerons at the cock])it arc h'vel transversally and longitudinally. A read- 
ing is taken by jjlacing a straightedge across the to]» h)ngerons and using 
a goneometer; pendulum or level. If the plane is correctly blocked up, the 
reading will be zero. The string and jduinb bob system shown at Fig. 282 
may be used if the fuselage has been repaired. The method of support with 
wheeled landing gear in place is shcnvii at Fig. 28.3. 

Assembling Empennage. — Attach elevator to stal)ilizer, making sure 
that in case of a caml)cred elevator or stabilizer, the camber on each is 
equal; and that the necessary lock washers and si)lit pins are correctly in- 
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stalled. Fasten stabilizer on fuselage, and adjust bracing tubes and wires 
until stabilizer is level transversally. This is done by placing a straight- 
edge transversally and longitudinally across the stabilizer. A reading 
taken at this point will be zero; as at the cockpit. 


Puc/der Po^t 


Moior Support P/ate^ 



Fig. 282. — Method of Fuselage Alignment by Plumb Bobs and Lines, Checked by 

Level Center Line. 


If the plane has a fin; this should be attached next, care being taken 
to place the fin perpcndicnlarly in line with the longitudinal axis of the 
fuselage. Then attach rudder, making sure that hinges work freely and 
fittings are securely locked. If stabilizer is set at cither positive or nega- 
tive incidence, it is checked with an incidence stick and goneometer as 
shown at Fig. 285. 

Assembling Main Planes. — On some types of planes the wings are as- 
sembled before being fitted to the fuselage. When this is the case, care 
should be taken that struts are exactly the same length and that they arc 
projicrly fitted in their bearings. A slight tension should be ])laced on wires 



Fig. 283. — Fuselage Shown at Fig. 282 with Center Section and Landing Gear 
Installed. Note Use of Trestle to Support Tail in Flying Position, 
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to hold the wings in position while attaching them to fuselage. On other 
types where the wings are attached separately, the lower or inferior wings 
are attached first and held in position by supports placed under the outer 
struts bearings. The struts are then attached to the upper or superior 
wings. Attach the wings to the center section struts, and bolt the interplane 
struts to the inferior wings. Flying and landing wires arc then connected 
loosely, making sure that all tnrnbucklcs fit j^ropcrly and have the required 
number of threads. 

Center Section. — In case of a plane having a fixed center section as in 
the type shown at Fig. 283, this should be trued up before wings are at- 
tached. The center section should be symmetrical about the vertical center 
line of the fuselage, and is adjusted hy cross ]M*acing wires which should be 
equal when checked by a trammel. A reading taken transversally across 
the top, should be zero. 



Fig. 284. — Using Pendulum Indicator and Level to Check Fuselage Alignment. 

When the stagger is not fixed, it should l)e checked by plumb lines 
dropped from the leading edge of the center section on cither side, so as to 
clear the fuselage longerons to a mark determined upon by measurements 
from the leading edge of the lower wings. Adjustment may be made by 
drift and anti-drift wires. 

Alignment. — Tension all wires and line u]) plane with the eye. This is 
done by placing a straightedge along the spar of the superior wing as at 
Fig. 286, and another transversally across, the stabilizer ; then adjust cables 
until both straightedges are ])aral]el to each other. The trailing edges of 
both superior and inferior wings are also set i)arallel, which is done by 
adjusting both rear landing and Hying cables. ^I'licn clicck by goneometer. 

On planes with no dihedral, a reading taken from a straightedge placed 
laterally along the vS})ar of the superior wing, should l)e zero. In case of 
planes having a dihedral, adjustment may l)e made by the front flying and 
landing wires until the desired number of degrees dihedral is obtained. In- 
cidence is then taken by placing a straiglilodge along the chord of a rib on 
both superior and inferior wings, nearest the origin of the wing and the 
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outer strut. This reading* will give the number of degrees incidence of the 
wings as at Fig. 287. The incidence on the superior wings of most planes 
is set at a fixed angle and can only be changed by lengthening or shortening 
the front struts. On some types of planes, the inferior Avings are adjust- 
able, and different angles of incidence may be obtained by turning the wing, 
after loosening the coljars of the .strut bearings and compression tube. 

Stagger. — Planes with a stagger are checked by plumb lines dropped 
over the leading edge of the superior wing corresponding with the center 
section. The required amount of stagger is obtained by adjusting stagger 
wires, and rear flying and landing wires. Measurements to determine 
amount of stagger are taken from leading edge of inferior wing to plumb line. 


Vertical Rudder 



Fig. 285. — Using Goneometer and Incidence Stick to Check Rear Stabilizer. 

Outside Measurements. — The plane should be checked up by a series of 
measurements as follows: 

1. A line drawn from the center of the propeller hub to a fixed point on 
the strut of the inferior wings; the distance on both sides should be equal. 
Adjustments arc made by drift wires. 

2. A measurement is taken from a fixed point on the outer edge of the 
stabilizer to a iioint on the inferior wing strut; the distance on both sides 
should be equal. 

3. The undercarriage is now trammelled and adjusted by cross bracing 
wires until diagonals are equal. 

Controls. — Elevators, with stick in neutral, should be in line with the 
stabilizer, which is in line of flight. Control wires should be adjusted until 
this is the case. Rudder, with rudder bar square with fuselage, should be 
directly in the center line of the machine. Adjustments are made "with 
control wires. Ailerons, Avith stick in neutral, should be in line with the 
wings. Adjustments may be made with control rods or wires. In some 
cases, a slight droo]) is given to make the i)lane more sensitive, and to make 
up for any lost action in controls. 
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Inspection. — Great care should be taken in the first inspection of a plane 
after asscin1)ly, h'xamine all wires for broken strands and poor splices; see 
that Avircs have an equal tension; that turnhuckles have required number 
of threads and are properly locked. Where control wires pass through 
guides or over pulleys, care should be taken that there is no danger of 
jamming or undue friction. All wires should be giv(‘*i a light coat of grease 
after ins])ection to prevent rust. 



Fig. 286. — Using Goneometer and Straightedge to Check Wing Panel Dihedral. 

Pittilujs, holts and (devis pins. See that all nuts arc ])r()])erly tightened 
and locked with lock washers or split pins, care l)eing taken that where 
jiossible, nuts should be in uniform ])osilion so as to facilitate easy ins])ec- 
tion. Clevis pins should be snugly titted in holes in fittings and should be 
])laced so that split ])ins A\'ill be down. ICxaniine all fittings for cracks and 
flaws. Sec that all struts are ])ro])erly bedded in their iiltings, and examine 
for cracks or flaws and ('heck whh straightedge for bowed stmts. 

J'usclacfc and JVinas. hAamine wings for l)r()ken ril)s, loose lamination 
and holes in fabric. 

Controls, Sec' that controls work freely and that there is no lost motion. 

Installation of Motor. — Motor should be given thorough ins])eclion b(*- 
fore installing in plane. In case of a stationary motor, the motor bed 
lotigerons should give a zero reading wdien cheeked hmgitudinally and 
transversally. On a rotary motor, a reading taken from the propeller hub 
should be zero. If motor is in line of (light, degrees nc'gative or positive 
is allow'ed, how ever, care sin add be taken that the motor is securely 
fastened to its bed; if not, undiu; vibration wu'll result. Pro]:)eller should be 
checked for trueness in its track. 

Inspection Before Flight. — See that gas and oil tanks are filled, and 
examine them for leaks, loose connections; et c(‘tera. wSee that motor turns 
uj) the required revolutions, and that all instruments are adjusted and work 
])ropcrly. Give plane a final insi>ection, checking u]) all parts previously in- 
spected. See that shock absorbers have the required number of wraps, and 
are properly tensioned ; that tires are ])roperly inflated. The most common 
faults disclosed by flight testing wall l)e found in the lateral and longitudinal 
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stability of the plane. In case of lateral instability, the correction is usually 
made by increasin^^ the incidence on the side that is to be corrected. Longi- 
tudinal instability can be corrected by adjustments on the wings or sta- 
bilizer. 

Typical Alignment Drawing. — Airplane makers furnish users of their 
planes with what is known as an alignment or rigging [)lan drawing, such 
as that shown at I"ig. 288 and s])ecific directions are given for such angles 
as the dihedral, incidence, stagger, etc. drawings are for the Nieuport 

scout, an obsolete wartime ])lrine of hVench design hut will be useful in 
.showing how such drawings arc prepared. Tlic following instructions 
accompanied (lie drawing shown. 



Fig. 287. — How Pendulum Indicator and Straightedge are Used to Check Incidence 

of Upper Wing. 

* Flying Position . — The machine is in tlying pexsitiun Avhen the tailplane 
is level transv(‘rsc‘l\" anfl its center line level. ^Po ])lace in flying ])()sition 
lex el transx erselx by si)irit level and straightedge placed across the tail- 
plane. Make adjustments b\ ])aeking l)I()eks under the undercarriage axde. 
J.evel longitudinallx l)y setting so that the to]) surface of the tailplane 
slopes hackxvards and doxvnwards at an angle of 10 minutes fone-sixth of 
a degree). Check ])y lexel and straightedge placed longitudinally along 
the tailplane. Make adjustments by raising or lowering tail. 

Truing Up the Fuselage. — Place fuselage on two trestles with top 
longerons levc^l as far as i)ossible. Working from front to rear, make in- 
ternal 1)racing \vir(‘s (‘(pial at each section and check by trammel. Make 
top cross l)racing wires c(|iial in each l>ay and similarly make bottom cross 
liracing wires ecjiial in each hay and check hy trammel. True Uj) side brac- 
ing wires on one side until toy longeron on that side is level fr(mi No. 2 side 
strut to tail and the front ui)per edge of ihe longeron is 50 m/m heloxv that 
level. Check liy sjiirit lexel and long straightedge and true the other side 
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in the same way. Check for there being no distortion or winding in the 
fuselage as follows: Place a straightedge transversely across the top 
longerons immediately in rear of No. 2 side struts. Place another straight- 
edge transversely across the top longerons at any other point. The upper 
edge of the second straightedge must be in line with the upper edge of the 
first straightedge. Check by sighting and repeat for other points. A plumb 
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Fig. 288. — Typical Alignment Drawing Giving Complete Instructions for Setting Up 
Nieuport Scout, a French Wartime Plane. 


line dropped from llie mid point of a top cross strut must strike the mid 
point of the corrcsi)onding l^oltom cross strut. Truing L^p Undercarriage: 
The u/c is symmetrical about vertical center line of machine and front 
struts arc vertical viewed from the side with machine in flying position. 
Adjust front cross l)racing wires, making corresponding diagonals equal, 
check by trammel. Truing Up Center Section Struts: The front center 
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section struts are vertical viewed from the front and are at an angle of 
4.10 degrees to the vertical viewed from the side. Adjust front cross brac- 
ing wires making corresponding diagonals equal and check by trammel. 
The rear center section struts are vertical viewed from the side and allow 
of no adjustment. 



Fig. 289.— How Folding Biplane Cellule Makes Housing of Large Span Airplanes 
Practical in Smaller Hangars than Would Otherwise be Needed. 

Truing Up Main Planes. — The top surface of the upper main planes 
must be level. Check by placing a long straightedge across the top of the 
l)lanes and aligning with a straightedge placed across the tailplane. Check 
for leading edges being square with center line of machine by taking 
measurements from adjusting collars at bottom of V outer struts to rudder 
post and propeller boss. Corresponding measurements must be the same 
on both sides. .Stagger : The stagger is 645 m/m at side of cowl, and 710 
m/m at outer struts. Check by dr()i)ping pluml) lines from the leading edge 
of u])])er main ])lanes. The horizontal fore-and-aft distance between the 



Fig. 290. — Tail of Airplane Showing Arrows Indicating Points where Supports or 
Lifting may be Applied without Damage to Fuselage. 
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leading edge of lower main planes and plumb lines must be 645 m/m at 
side of cowl and 710 m/m at V outer struts. Incidence: The incidence of 
the upper main planes is 1.50 degrees throughout. The incidence of star- 
board lower main plane is 4 degrees throughout, and the incidence of port 
lower main plane is 4 degrees at root and 5 degrees at V outer struts. 





Fig. 291. — Airplane with Wings Removed and Folded Against Fuselage for Road 
Transportation Behind Towing Car. 

Check by Al)ney ]e\el and straightedge. f)]acing latter from leading edge 
t(» trailing <‘(lge at ril)s. Dihedral: The dihedral angle for lower main 
])lanes is 2.20 degrees. Check by level and straightedge along the s])ars. 

Empennage. — Tai'plane: With machine in flying ])osition the tail- 
plane must 1)0 level transversely and its to]) surface must slope l)ack wards 
and downwards at an angle of 10 minutes (one-sixth of a degree). Check 
by level and straightedge. C'lieck for tai]]>lane being scjuare with machine, 
by taking measurements from adjusting collar at V outer struts to lateral 
extremities of tail])l:ine rear s])ar. ddu'se measinannents mu^t be the same 
on both sides. Ivudder: With rudder bar sijuare in fuselage, rudder must 
])oint directly fore-and-aft, and be s(|uare witli machine. Elevators: With 
])ilot’s control stick central or in nmitral ])osition, ele\'ators must be in 
direct continuaticui of tail]»lane. 



Fig. 293. — Showing Type of Wheeled “Dolly” with Turntable Support to Handle Rear 
End of Airplanes without Damage. 
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Handling Airplanes. — Considerable care is required in handling an air- 
plane of the usual wood, fabric and wire type when it is on the ground and 
great care is required when walking on the wings so that no weight will be 
imposed at points not adequately braced or reinforced to stand it. Large 
airplanes arc generally ])rovi(lcd with walkways of veneer over the wings 
near the fuselage, especially those of the twin motor type where the power 
plants are carried in the wing cellule and it is necessary to stand on the 
wing when working on the motors. Some large span air])lanes have fold- 
ing wings, i.e., the biplane wing cellules are hinged to the center section in 
such a way that the front fastenings arc released and the rear attachment 
members act as hinges on which the wing structure may be swung back 
against the fuselage, as shown at Fig. 289, which shows an early Handley- 
Page type bomber. This construction makes it possible to put large planes 
in ordinary hangars. 

Considerable damage may be done to the airplane structure if it is 
carelessly handled and in jacking them up from the ground. Many air- 
planes, especially commercial and military types have arrows indicating 
points where trestles may be placed or where lifting effort may be applied 
painted at various points as shown at Fig. 290. The general rules to follow 
are: 

(1) Remember that nearly all the wood of the aeroplane is designed to 
take the stress of direct c(mif>rcssiou and is cannot be safely bent. In pack- 
ing an airplane up from the ground the ])acking must l)e used in such a 
way as to come underneath the interplane struts and the fuselage struts. 
Soft padding should always be placed on the points upon which the aero- 
plane rests. 

(2) When pulling the machine along the ground with an automobile as 
shown at Fig. 291, always, if possible, pull from the undercarriage by sup- 
porting the tail skid on the tow car and have a rope extend from the rear of 
the car to the landing gear axle. If the trip is to be a long one, be sure 
the tires are well inflated and dismount the wings which are best carried 
on a separate trailer though on short tri])S they can be attached to the sides 
of the fuselage. If necessary to pidl from clse\^here then do so by grasping 
the interplane struts as low down as possible. 

(3) As regards handling j)arts of airj)lanes. Never lay anything cov- 
ered with fabric on a concrete floor, as any slight movement will cause the 
fabric to scrape over the concrete with resultant damage. 

(4) Struts, spars, etc., should never be left about the floor, as in such 
a position they are likely to become damaged, it is necessary to protect the 
outside fibres of the wood. Remember also that wood easily becomes dis- 
torted. This particularly applies to the inter])lane struts. The best method 
is to stand them up in as near a vertical position as possible. 

Landing Gear Struts. — The undercarriage must be very carefully 
aligned as shown in the rigging diagram supplied 1)y the maker. 

(1) Be very careful to see that the undercarriage struts bed well down 
into their sockets. If this is not done then after having a few rough land- 
ings, they will bed down farther and throw the undercarriage out of align- 
ment, with the result that the machine will not taxi straight. These points 
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also require careful inspection if the airplane is towed for any distance 
over a rough field or road. 

(2) When rigging the landing gear, the airplane must be packed up in 
its flying position and sufficiently high so that the wheels are off the ground. 
When in this position the axle must be horizontal. 

(3) Be very careful to see that the shock absorbers are of equal tension, 
and that the same length of elastic and the same number of turns are used 
in the case of each absorber. 

Two views of a typical landing gear or undercarriage are shown at Fig. 
292. When moving an airplane around at a flying field, a two-wheel car- 
riage, called a “dolly” is shown at Fig. 293 is used to carry the tail skid. 


QUESTIONS FOR REVIEW 

1. Outline principal precautions when unpacking an airplane, 

2. Describe steps in assembling airplane. 

3. What arc the three principal methods of checking dihedral, of checking stagger? 

4. How are ailerons rigged in most planes? 

5. Describe the string and straightedge method of lining up a truss type fuselage. 

6. What is an incidence stick and how is it used? 

7. What is a goniometer and how is it used in setting up an airplane? 

8. Why is the fuselage placed in its flying ])osition when lining up? 

9. Describe “wash-in” and “wash-out,” how and why provided. 

10. Outline rudder and elevator control adjustments. 
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INSPECTION AND MAINTENANCE OF AIRPLANES 
AND ENGINES 

Inspection of Propeller — Inspection of Power Plant — Inspection Routine, Liberty and 
Similar Engines— Instructions for Starting Liberty Engine— Inspection Routine, 
Wright Air-Cooled Engines — Daily Inspection — After Twenty Hours Flying — 
Complete Overhaul — Instructions for Starting and Normal Operation, Wright 
Radial Air-Cooled Engines — Ground Test of Engine— Flight Test — Landing — 
Fuels for Wright Engines — Oil for Wright Air-Cooled Engines — Cold Weather 
Caution — Landing Gear Inspection — Fuselage Nose Parts — Wing Fittings and 
Struts — Inspecting Ailerons — Inspection of Fuselage Interior — Stabilizers and 
Control Wires — Cleanliness Important — Weekly Inspection Card — Causes of Air- 
plane Accidents — Recovering Airplane Wings — Patching Sheet Duraluminum — 
Repairing Tubular Fuselages — Power Plant Troubles — Trying out Ignition Sys- 
tem — Common Defects in Fuel Systems — ^Zenith Carburetor Adjustment — Defects 
in Oiling Systems — Water-Cooling System Troubles — Radial Air-Cooled Engines 
—Excessive Oil Temperature. 

Tt is ini[)ortnnt tliat all parts of an air])lane should he inspected thor- 
oup^hly before the machine is allowed to leave the i^Tonnd, and this inspec- 
tion must he carried on jieriodically while the machine is in service. The 
ins])ection should folh)Av a certain well-devised and lofjical seejuence of 
events, and should not he done in a hai)ha7ard manner. Unless the in- 
spection processes follow lo;L,ncally and in a re<^ular order, the inspectors 
are very likely to omit some important i)art that may result in faulty action 
Avhile in flis'ht. A scries of special illustrations which accompany this 
chapter have been ])()sed by a jiractical aviator, and are intended to bring 
out the important points that should rccei\'c ])criodical inspection. 

Inspection of Propeller. — The first i)oint that should receive attention 
is the jiropellcr. It should be carefully examined to determine that the 
1)lades are in good condition. This means that they should be clean and 
well ])oIishcd, and if ])ro\ided w\ih eop]>er or cloth ti])s, these should lie 
securely in ])lace. Any siilinters or cracks in the blade may result disas- 
trously; and the ])ro])eller slnuild be removed unless both blades are abso- 
lutely sound. The hub-assembly and the i)ro])eller should be ins])ected 
with a view to locating any looseness in the ])ropcller hub bolts, or the 
nuts and cotter j)ins. After a jirojieller lias been in use for a time the hub 
flanges mav conpiress the Avo()d and the ])ropeller be loose in the hub. 
This condition is easily rem(‘di(‘d by screwing down the propeller hul) 
flange retention nuts until the i)ropeller is securely clanii)ed. Another point 
that should be looked at is the nu'lhod of holding the propeller to the 
engine shaft. This may be determined by grasping the iirojieller firmly 
and shaking it to see if there is an} lost motion between the hub and the 
shaft. If the hub retention nuts have not been iiroperly ajiplied some 
looseness is ajit to develop after the machine lias been in flight. A pro- 
peller should fit the engine shaft absolutely tight, because any looseness 
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will result in injurious viln*ation. It is presumed that the propeller has 
been carefully checked for track as described in tlie Chapter on Propellers. 

Inspection of Power Plant — The power plant is the next point Avhich 
should be thoroughly checked over, and as previously emphasized, the 
pilot should not accept anybody's opinion that the ])owcr plant is in good 
condition. He should satisfy himself of this before the machine leaves the 
ground. The radiator and all water connections should be checked over 
to see that there are no serious water leaks. It is also important that the 
radiator be full of water. The oil indicator on the side of the crankcase, 
in some engines, will show the amount of oil there is present in the sump. 
The external oil lines, particularly those leading to the oil pressure gauge, 
should be absolutely tight, and all pi])ing that conveys oil must also be 
examined to see that the joints are securely fastened and that there is no 
opportunity for loss of lubricant. 7'he fuel system demands a more rigid 
inspection than cither the cooling or oiling* systems because a gasoline 
leak is apt to be the cause of fire and, of course, should be guarded against. 



Fig. 294. — Examination of Power Plant Should be Thorough. 


The points that should be inspected most carefully are the joints in the 
pipe line at both fuel tank and carburetor. If a gravit}^ feed system is in- 
stalled, the inspector should make sure that the vent in the tank filler 
cap is free and clear so that it will admit air to the tank. Jf a pressure feed 
system is fitted it is imj)ortant that the tank cap and piping conveying air 
pressure be absolutely tight. The relief check valve should be tested to see 
if the pressure releases at the i)roper ]K)int. E.xcessive pressure is apt to 
result in excessive fuel-consumption. Of course, it is imjiortant that the 
tank be full of gasoline in a gravity system and very nearly full in a pres- 
sure system. The hand i)ump should be tested to make sure that it is in 
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proper working condition. If a strainer or filtering device is included in the 
fuel pipe line this should be emptied from time to time to clean out any 
water or sediment that may be trapped therein. 

The engine should be run slowly to make sure that it is firing on all 
cylinders and then speeded up to be sure that it develops good power. 
The clearance between the valve operating mechanism and the stems of the 
intake and exhaust valves should be checked over. AU wiring must be 
clean and the insulation whole. It is important that all connections be 
tight. The grounding switch for cutting out the magneto should be tested 
to make sure that it functions properly. The rod or wire connection going 
from the hand throttle lever to the throttle of the carburetor should be 
inspected as, if it should become loose in flight, the throttle might jar 
closed and seriously impair the power production of the engine. Both 
magneto and carburetor should be firmly attached, the former to the 
bracket of the engine base, the latter to the Induction manifold. The oil 
pressure should be carefully watched to make sure that it is sufficient for 
the engine in question. Oil pressures will vary from twenty to 100 pounds, 
depending u})on the design and type of the engine. 

When examining the power plant, especial attention mu^^t be directed 
to the parts of the magneto that have to do with the timing and distribu- 
tion of the ignition current. This means that the distance between the 
breaker points should be checked to make sure that it is adequate and it 
is well to remove the distributor board to examine the contact brushes and 
the current distributing segments if there is any tendency for the engine 
to misfire slightly. 

Inspection Routine — Liberty and Similar Engines. — 'Po insure water- 
cooled engines rendering tlic maximum service they must be inspected 
daily or at least after every five hours of flight. It is advisable that these 
inspections be systematically carried out and that the ins])ector be pro- 
vided with a form covering the ])oints set forth in the following routine. 
Inspectors should lie instructed to rigidly adhere to this form and check 
the different items off as they are attended to. 

1. Feel all bearings — see that they are not overheated. 

2. See that ])roi)eller liul) bolts are tight and proi)erly cotter ])inned or 
wired. It is advisable, after every long flight (five hours) to take 
the cotter ])ins or lock Avires out of these bolts and draw them up as 
much as j)ossible. New cotters or lock wires should then be fitted. 

3. Check pitch and track of pro])eller. 

4. See that propeller hid) is drawn up'snugly on shaft. 

5. Be sure that pro])cller hub nuts are securely locked. 

6. See that all other visible bolts and nuts arc tight and properly 
locked. 

7. Examine all valve si)rings carefully. 

8. Squirt a little light oil through the valve springs onto each valve 
stem. 

9. Examine throttle, s])ark and altitude adjustment controls. Be sure 
that they work freely, permit full throw of throttles and distribu- 
tors that have not become excessively loose. 
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10. Test all cylinders for compression. 

11. Try rocker arms — they should all be free when the valves which 
they operate are seated. 

12. Check tappet gap of all valves — piston at firing point. 

13. Check valve timing with timing disc. 

Cooling System 

14. Examine radiator, water piping, pump, water jackets and all con^ 
nections for leaks. 

15. Fill cooling system. 

Note — If temperature is below freezing, follow Cold Weather In 
structions. 


Gasoline System 

16. Examine tanks, tra]), pi])ing and all connections for leaks. 

17. Drain water tra]). 

18. Fill gasoline tank. 


Oiling System 

19. Drain system by taking out plug. 

20. Remove rear ]uiinj) cover plate which will release oil pump screen 

21. Clean screen thoroughly with a brush and gasoline. 

22. Replace screen and cover plate using a new gasket if the* old one 
was damaged in removing cover. 

23. Examine reservoir, cooler and all ]>iping and connections for leaks. 

24. Oil thrust bearing. 

25. Replace all hose connections, either for water, oil or gasoline, which 
show any signs of deterioration. 

Electrical Equipment 

26. P'xamine all electrical connections at generator, regulator, switch, 
battery and distributor to see that they are clean and tight. 

27. Examine all wiring to sec that insulation has not become abraded. 

28. Clean distributors. 

29. Oil generator and tachometer drive. 

30. Examine plugs for cracked or loose porcelains. This should pref- 
erably 1)e done immediately after the engine is stopped and while 
the plugs are still hot. 

31. Check contact breaker clearance and examine contact ])oints. 

32. Check timing of ignition and synchronization of distributors. 
Caution — Leave the ignition switches and the gasoline shut-off 

cock ill the ‘"Off” ])osition. 

If the switches are left '‘on,” the liattery will discharge through the 
Ignition System and generator and it will be necessary to cither recharge 
or replace it before the engine can be started again. With both switches 
turned off, the ammeter needle should .stand approximately at zero. 
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Cold Weather Suggestions 

1. Inspect the engine carefully as instructed. 

2. Put three gallons of hot lubricating oil into the engine crankcase. 
Oil should be healed in an open top container set into boiling water. 

3. Put a sufficient quantity of hot oil into the oil reservoir so that the 
reservoir will be about two-thirds full after the three gallons placed 
in the crankcase have been pumped back into it. 

4. Remove the Vent Plug in the side of the oil pump body so that the 
hot oil may run in to prime the pumj). 

5. Fill the cooling system with boiling water. Soft water should be 
used wherever availal)lc. Do not use any anti-freeze preparation 
containing calcium-chloride though glycerine and alcohol solutions 
may be used. 

6. Prime the engine and start at slow speed with the throttle partially 
closed. 

7. Accelerate and slow down the engine occasionally to throw the oil 
up into the cylinders. Run the engine on the ground until the oil 
has been thoroughly distril)ute(l as indicated by the action of the 
oil ])rcssure gauge and a uniform tem])erature of the engine. This 
period need not be continuous and if j)ossible engines should be 
alternately run for a few minutes, stopped for five minutes and then 
re-started. 

8. Do not attempt to get off the ground until the water tem])erature is 
at least 160 degrees fahrenheit. 

9. Tf the machine is not to leave the ground at once, the engine should 
not be allowed to remain stationary for more than ten minutes at 
a time as it will get cold again. 

10. After finishing a test or flight, drain all oil and water before the 
engine has had an opportunity to cool off. Crankcase drain i)lug 
and sump cover shouhl be removed to drain the oil from the engine. 
A plug of the same tyi)e is ])rovided in the bottom of the water pnni]) 
for the pur])ose of draining the Avater. If the engine is installed as 
a tractor, this plug Avill be the lowest ])oint in the cooling system. 
If the engine is installed as a pusher, the tail of the machine should 
be raised until the pro])eller end of the engine is higher than the dis- 
tributor end in order to allow all of the water to drain off. 

11. Spark plugs should be removed from the engine and kept in a Avarm 
])lace if the engine is to stand idle over-night or for any considerable 
I)eriod. 

Instructions for Starting Engine. — Peforc starting a ncAV engine or one 
which has stood idle for some length of time, it is advisable to inject a small 
quantity of lubricating oil (about one-half ounce) through each p'riming 
cock. With the ignition sAvitches "‘Olf/’ turn the in*()i)ellcr forAvard through 
five or six revolutions to distribute the oil over the cylinder Avails. 

Block Wheels Securely. 

Set throttle just vslightly open, in other Avords, at a point which Avill run 
the engine at 600 to 800 r.p.m. 
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Set spark at fully retarded position. 

The ignition system for Liberty engines is so designed as to absolutely 
prevent the production of a spark when turned backward, nor will the 
engine **kick back’’ if it should happen to “rock” after cranking. However, 
it is essential that the spark be retarded when cranking. 

Prime engine by injecting a small quantity (fill priming cock twice) 
of gasoline through each priming cock. In cold weather it will be neces- 
sary to prime the engine a little more heavily than in warm weather. It 
is better, however, to insufficiently prime it than to prime it too heavily. 

With the ignition switch still “off” turn engine forward two revolu- 
tions. 

Turn one (either one) ignition switch “on” and start engine by ])ulling 
steadily down on the propeller blade and at the same time away from it. 
The switch is so designed that, with both switches turned “on,” the gen- 
erator is connected in, which Avill result in a rather high rate of discharge 
from the battery and possible difficulty in starting. Both switches should 
1)0 turned “on,” however, as soon as the engine is running. 

As soon as the engine is started, advance the spark about half way, 
leaving the throttle in approximately the starting position, and allow the 
engine to run at idling speed (about 800 r.p.m.) for five to ten minutes or 
until it is thoroughly warmed up. At the same time test crankcase tem- 
])crature with your hand. The crankcase should be warm by the time 
the temperature of the water has increased to 150 degrees fahrenheit. 

Accelerate and slow down the engine occasionally to throw the oil up 
into the cylinders. In extremely cold weather it is possible that the cooling 
water might warm u]) more rapidly than the lubricating oil. In this case it 
would be advisable to slop the engine for a few moments in order to allow 
the heat from the cylinders to travel down to the crankcase. 

In the meantime — 

Note the Oil Gauge pressure. After about three minutes running at 
f)()0 to 800 r.]).m. this should show above five ])ounds pressure, and at 1,600 
r.p.m. up to thirty pounds maximum. Failure to show these pressures 
may be due to dirt on the relief valve seat. The gauge will show higher 
pressures when the engine is first started and is cold than after it has 
thoroughly warmed up. 

Examine all oil piping for leaks. 

Note Air Pressure Gauge. The engine-driven air pump with its regula- 
tor, is designed to hold the pressure on the gasoline tank at approximately 
three pounds. In order to determine whether or not the pump is function- 
ing properly, screw down the pressure regulator adjusting screw. This 
should cause the i)ressurc in the tank to rise if the pump is operating as it 
should. Now screw the regulator adjustment up until the pressure is held 
steadily at three to four pounds. 

Note Water Circulation. Temperature gauge should show a steady rise 
up to not to exceed 200 degrees fahrenheit. The most efficient temperature 
will vary with weather conditions, but will average 180 degrees fahrenheit. 

Note Ammeter Reading. At idling speeds the ammeter needle will 
stand on the “Discharge” side of zero. At about 650 r.p.m. with both 
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switches ''on,” the needle will stand at zero and at high speeds it should 
stand on the “Charge’" side of zero. (See Chapter on Ignition System.) 

When the engine is well wanned up, the throttle may be opened wide 
(wheels blocked) and the speed of the engine noted. Tachometer should 
show 1,550 to 1,600 r.p.m. on the ground. 

Operation of each ignition head should be tested separately by shutting 
off first one switch and then the other. The engine should show the same 
r.p.m. in each case. With the throttle wide o])cn, whether the engine is 
running on one or both sets will make very little difference in the speed 
(possible 10 or 15 r.p.m.). At lower speeds (600 to 800 r.p.m.) the effect 
will he more apparent. 

Before stop])ing the engine, throttle it down to idling speed for a min- 
ute or two, then turn tlie ignition switches to “off” and at the same time 
open the throttle wide. Opening the throttle will “choke” the engine and 
cause it to stop immediately. Allowing the throttle to remain in the idling 
position may ])ermit an overheated plug or particle of carl^on to fire the 
engine spasmodicall}^ for some time after the ignition is cut off. 

Caution — Do not attempt to crank an engine immediately after it has 
been stopped. An overheated plug or incandescent particle of carbon 
might cause pre-ignition and a disastrous back kick. Allow it to cool off 
for a few minutes. 

Inspection Routine — Wright Air-Cooled Engines. — In order to obtain 
maximum reliability and service from Whirlwind engines a regular 
schedule of inspections and overhauls should be maintained. Serious fail- 
ures very often arise from minor causes which a few minutes inspection 
could have averted. The following schedule is suggested in the instruc- 
tion book issued by the Wright Aeronautical Corporation. 

Daily lns])cclion : Every flying day the following inspection should 
be made. Check all cylinders, one at a time in firing order (1, 3, 5, 7, 9, 2, 
4, 6, 8), as follows; 

Models J-4A and J-4B 

1. Does clearance between rocker roller and valve stem, on compres- 
sion stroke, seem normal? 

2. Arc rockers free on shafts and lock wires secure? 

3. Arc rocker rollers free and lock wires secure? 

4. Are valves free in guides? 

5. Are valve springs and valve s])ring retainers intact? 

6. Are rocker su])port lock ntits tight and are rocker rollers central on 
valve stems? 

7. Are spark i)lugs tight? 

8. Grease rocker shaft with Aleniite gun using automobile transmis- 
sion oil. 

9. Oil rocker rollers with engine oil. 

10. Are ignition terminals secure to wires and plugs and is insulation on 
wires intact? 

11. Is compression normal? 

After all cylinders have l)een checked proceed as follows: 
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12. Are carburetor and carburetor manifold tight at securing flanges? 

13. Are fuel tanks filled? 

14. Is oil tank filled ? 

15. Are magneto ground wires secure? 

16. Are throttle, mixture and magneto controls free throughout their 
range? 

17. What is full throttle r.p.m.? 

18. Is engine operation good on either magneto? 

19. What are oil pressure and temperature? Oil pressure should be 50 
to 75 pounds per square inch and oil outlet temperature not over 
180 degrees fahrenheit or 82 degrees centigrade scale. 

20. What is gasoline pressure? (Should be 2-4 pounds per square inch.) 

Model J-5 

The daily inspection of the Model J-5 engine should include items 7, 8 
and 10 to 20 inclusive. 

Twenty Hours. After every twenty hours of flight the valve gear 
should be disassembled and inspected as follows: 

Models J-4A and J-4B 

1. Remove push rods and examine l)alls and ball sockets for wear. 

2. Grease sockets in rockers. 

3. Thrust lower ball ends of ])ush rods in can of heavy grease and re- 
place the rods in their proper sockets. 

4. Make complete inspection as outlined for each flying day. 

Model J-5 

1. Remove the rocker box covers and make a check of the amount of 
motion of the various parts. If the ta])])et clearance seems normal 
it should not be disturbed. If any ])art seems to have too much mo- 
tion, or if the tap[)et clearance is excessive, the rocker arm and push 
rod slunild be removed and the cause determined. Check the offend- 
ing part against the maximum allowable clearance as indicated in 
charts furnished by the manufacturers to users of its ])roduct and 
replace if this is exceeded or if in the opinion of the operator it 
seems advisable. 

After the valve gear has been ins])ected, rejiaired and reassembled the 
following items should be checked (all “J” series models except as noted) : 

1. On J-4 series engines check clearance between rocker rollers and 
valve stems with feeler and reset to .010. Re sure adjusting ball 
and lock nuts are tight. 

2. Are spark plug points clean and are gai)s set at proper clearance 
C020 of an inch to .025 of an inch for A. C. Plugs; .015 of an inch 
for B. G. Plugs). 

3. Arc nuts on inlet pipe upper flanges tight? 

4. Are inlet pipe packing nuts light? 
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5. Are cylinder hold down nuts tight? 

6. Are fuel strainers clean? 

7. Are fuel lines and connections secure and free from leaks? 

8. Is lock on gasoline pump pressure adjusting screw secure? 

9. Are oil strainers clean? 

10. Drain the old oil from the tanks and lines and flush with kerosene 
until perfectly clean. (Do not use kerosene inside the engine.) 
Replace the lines and put two gallons of clean oil in the tank. Run 
the engine for twenty minutes and then drain out all the oil again. 
Replace the lines and fill the tank with clean oil. Great care should 
be taken to see that all the oil lines are replaced iirojierly and there 
are no air leaks. Small air leaks are apt to interfere seriously with 
the proper functioning of the luliricating system. 

11. Oil tanks should be drained and filled with fresh oil. 

12. Sec that hand turning gear is well lubricated. 

13. Are engine mounting bolts tight? 

14. Does each magneto get full advance when oi)eratcd from cock])it? 

15. Are magneto breaker points clean and gaps set at .012 of an inch? 

16. Are magneto couplings in good condition? 

17. Put four drops of medium machine oil in rear magneto oil holes. 
Fill front holes. 

18. Are propeller hub lock nuts and propeller hub bolts tight? 

19. Check the clearance between the rear of the rocker boxes and the 
cylinder heads and make sure it is .031 of an inch (Engine cold). 
While this dimension should not vary it is extremely ini]>ortant and 
should be checked carefully. Incorrect clearance is very ai)t to re- 
sult in failure of the rocker box studs. 

It is advisable to run the engine at part throttle for at least one-quarter 
or one-half hour tv\’ice a week in order to kee]) interior j)arts fiiished with 
oik This will j)rcvent the vapor due to condensation in the crankcase from 
rusting steel parts. 

Complete Overhaul. — It is suggested that the compression, as noted in 
Item 11 of the daily inspection, be checked veiy carefully on each cylinder. 
As soon as one is found to be low it should be removed, the valves tested 
for leakage and the piston rings checked for tension. The valves should 
be ground and the i)iston rings rejdaced when necessary. In this manner 
the engine can be ke])t up to power and speed. It is sometimes very diffi- 
cult to distinguish between a valve which is leaking and one which is being 
held open by a bit of dirt or carbon on the seat. The only way to check 
this out is to run the engine for several minutes and then try the com- 
pression again. Exi)eriencc with “Whirlwind” engines in service has in- 
dicated that the length of the period between overhauls is limited by the 
tendency of the lubricating system io fill up with sludge. This is com- 
posed of gums formed in burning the lubricating oil, carbon,' lint and sub- 
stances taken into the engine through the carburetor or breathers. After 
200 hours of service the accumulation is likely to become severe enough to 
plug up one of the passages resulting in the seizure of the bearing whose 
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oil supply is cut off. It is therefore recommended that ‘"Whirlwind’" en- 
f^ines be given a complete overhaul after every 200 hours of service. 

Instructions for Starting and Normal Operation. — Before starting 
Wright radial air-cooled engine for the first time the following items should 
be checked : 

1. Check over all nuts and bolts both on the engine and the mount 
and see that they arc tight and jmoperly locked. 

2. Check the pro[)eller hub nuts to be sure they are tight and cottered. 

3. Lubricate tlie valve gear with Alemite gun using 600W oil. 

4. Fill the oil tank with an anii)le quantity of oil for the run (minimum 
quantity 2 gallons) and see that all lines arc open. 

5. F'ill the gasoline tank with the proper grade of gasoline. 

6. Operate the throttle and mixture controls and inspect the levers on 
the carburetor to make sure that they hit the stop on both ends of 
the travel without restriction. 

7. Oy)erate the s]:^rk advance control and ins])cct for full operation 
of the lever. 

8. See that the tachometer and ])ressure gauge arc properly connected 
and that the oil temperature thermometer bulb is in place. 

0. Turn the engine over by hand to see that everything is clear. 

10. See that the priming line and pump are properly connected and in 
working order. 

11. (')])en the cocks in the gas line and operate the hand pump if sup- 
])lied. See that gasoline is suiq)lied to the carburetor and that all 
lines arc light. See that tlie carburetor does not drip gas. 

12. See that ground wires are connected to the magnetos. 

Starting. Having conq)lcted the pre-starting inspectit>n the engine is 
ready to start and should be handled as follows: 

1. Give the engine several strokes of the priming ])ump. Experience 
is necessary to determine the proper amount of prime for each en- 
gine. About five or six strokes of the Lunkenheimer ])innp are 
usually necessary. Excessive priming has a tendency to wash the 
oil o(T the cylinder Avails and cause scoring or seizing of the sleeves 
and ])istons. 

In Cold weather the engine re(|uires more priming than in warm 
weather. 

A hot engine docs not ordinarily require priming. 

2. Turn the engine over a number of times Avith the throttle closed to 
suck tlie gas into the cylinders, 

3. Set the throttle to approximately % open and the mixture to full 
rich. Easier starting Avill be obtained Avith spark .control at approxi- 
mately full advance. 

4. Operate the starter and alloAV the engine to turn over a full re\^olu- 
tion. Then turn the ignition switch to the start position and oper- 
ate the booster if one is being used. 

5. If the engine fails to start after several attempts prime again and 
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repeat. If the engine is overpriniecl the throttle should be opened 
wide and the engine turned backward several revolutions by hand. 
Be sure the ignition switch is off. 

6, 111 extreme cold weather the oil should be heated before filling the 
oil tank. 

If the engine fails to start after a reasonable number of attempts, con- 
sult data on troubles to ascertain j)Ossible cause. 

Ground Test. When the engine starts the spark should he advanced, 
the throttle pulled back to 600 or 800 r.]).m. and the gauge watched for oil 
pressure. If the oil pressure fails to rise within one minute the engine 
should be shut down and an investigation made. After the gauge indicates 
oil pressure the engine should be run at 6fX) to 800 r.p.m. for 2 minutes or 
more and the throttle then opened to 1,000 r.]).m., where it should be held 
until the oil outlet temperature starts to rise. The s])eed may then be in- 
creased slowly to full throttle. The mixture control should be leaned out 
until the engine is turning maximum r.p.m. This may occur in the full 
rich position. Observe the r.p.m., oil pressure and oil temperature. With 
the mixture control set for maximum check the functioning of 

the engine when running on one magneto at a time. If the values ol)served 
are normal and the sj^eed does not drop more than 75 r.p.m. on each magneto 
the engine is ready to fly. It should be remembered that the engine re- 
ceives very poor cooling while on the gnnmd and ])r()Ionged running at full 
throttle should be avoided. 

Flight. The instruments should be noted at frequent intervals to see 
that the power plant is functioning properly. The engine should be oper- 
ated to keep within the following limits: 

Oil pressure 50 to 75 ])ounds per s([uare inch. 

Outlet temperature not over 180 degrees fahrenheit (82 degrees centigrade.) 
Fuel pressure 2 to 4 ])ounds ])er square inch. 

If the oil pressure falls below 35 pounds an immediate landing should 
he made and the cause of the trouble located and removed. It is not so 
serious when the oil pressure exceeds the high limit Init it shcnild be cor- 
rected at the end of the flight. This can generally be done by adjusting 
the relief valve. 

High oil temperature when not caused by atmos])hcric conditions may 
be a sign of trouble in the engine. If the outlet oil tenij^erature rises above 
ISO degrees fahrenheit a landing should be made as soon as possible and 
its cause determined and corrected. 

Landing. Because of the faster heating and cooling rate of air-cooled 
engines a hot engine should never be shut down rapidly, except in emer- 
gencies, as this is almost sure to A\arp the valves. After a ])lanc has landed 
and taxied to the line, the s])ark should be retarded, the throttle slowly 
closed to 600-700 r.p.m., and the gasoline su])ply shut off. The engine 
should be allowed to run this way until the fuel supply fails. If this is done 
regularly the time between overhauls will be greatly increased. 

Fuels. The fuel used should be either of the type knowm as Grade B 
domestic aviation gasoline or one of the commercial fuels recommended. 
The use of other fuels is apt to lead to un.satisfactory operation and serious 
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damage to the engine. The manufacturer will assume no responsibility for 
the engine's performance when other fuels arc used. 

In case of emergency, when approved gasoline is not available, benzol 
gas, ethyl gas or high test automobile gasoline should be used. The engine 
should then be operated at reduced throttle with the mixture control in the 
full rich position. Gasoline from California base crudes is much superior 
to gasoline from the mid-continent and eastern crudes. 

The following specification corresponds to the Navy Dejiartment Speci- 
fication No. 7G1 B of December 1, 1924, for Grade B domestic aviation 
gasoline. 

Grade B, domestic aviation gasoline shall conform to the lollowing re- 
quirements: 

1. The gasoline shall be free from water and suspended matter. 

2. Color. — The color shall not be darker than No. 25 Saybolt. 

3. Doctor test. — The doctor test shall be negative. 

4. Corrosion test. — One hundred c. c. of the gasoline shall cause no 
gray or black corrosion and the amount of deposit when cva])orated 
in a polished copper dish shall not exceed 3 mg. 

5. Distillation range. — The temperature limits are as follows: When 
S per cent of the sample has been recovered in the graduated re- 
ceiver, the thermometer shall not read more than 75 degrees centi- 
grade (167 degrees fahrenheit), or less than 50 degrees centigrade 
(122 degrees fahrenheit). 

When 50 ])cr cent has been recovered in the receiver, the ther- 
mometer shall not read more than 105 degrees centigrade* (221 de- 
grees fahrenheit). 

When 90 per cent has been recovered in the receiver, the ther- 
mometer shall not read more than 155 degrees centigrade (311 
degrees fahrenheit). 

When 90 per cent has been recovered in the receiver, the ther- 
mometer shall not read more than 175 degrees centigrade (347 dcgre(*s 
fahrenheit). 

The end point shall not be higher than 190 degrees centigrade 
(374 degrees fahrenheit). 

At least 96 per cent shall be recovered as distillate in the re- 
ceiver from the distillation. 

The distillation loss shall not exceed 2 per cent when the resifluc 
in the flask is cooled and added to the distillate in the receiver, 

6. Acidity. — The residue remaining in the flask after the distillation is 
completed shall not show an acid reaction. 

7. Sulphur shall not be over 0.10 per cent. 

Oil. Lubricating oils for use in Wright engines must conform to the 
following specification : 

1. Flash point — Method 110.31. The flash ])oint shall not be lower than 
400 degrees fahrenheit. 

2. Viscosity — Method 30.4. The viscosity for summer use shall be 90 
to 105 sec. and for winter use shall be 75 to 85 sec. 
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3. Poui points — Method 20.11. The pour point for summer use shall 
be less than 45 degrees fahrenheit and for winter use shall be less 
than 15 degrees fahrenheit. 

4. Acidity — Method 510.3. Not more than 0.10 mg. of potassium hy- 
droxide shall be required to neutralize 1 gram of oil. 

5. Emulsion test — Method 500.11. The oil shall sej^aralc comj)letely 
in one hour from an emulsion with distilled water at a temperature 
of 180 degrees fahrenheit. 

6. Carbon residue — Method 500.11. The carbon residue shall not ex- 
ceed 2.5 per cent. 

7. Precipitation number — Method 310.1. The i)recipitalion number 
shall not be greater than 0.5. 

8. The oil shall ])e derived from a ])etn)leuin base and shall be free 
from fatty oils, resins, soap and other compounds not derived from 
petroleums. 

Test.s — All tests shall be made in accordance with “Method for Test- 
ing Lubricants and Liquid Fuel” contained in Technical 
Paper No. 323A, Bureau of Mines. The method numbers given 
above refer to this paper. Copies of this paper may be ob- 
tained ii])ou application to the Ouartermaster General, U. S. 
Army. 

Cold Weather Cautions. — Under unusual weather conditions it may l)e- 
conie necessary to adopt some method of heating the air entering the car- 
buretor to ])revent the formation of ice at the chokes. Wright Air Heaters 
No. 13732 (J-41U ?i”d No. L3828 (J-5) have been found very satisfactory 
for this purpose. Due to the wide variation in engine installation re(juire- 
ments these heaters arc furnished without ])i])e connections. In extremely 
cold weather it will be necessary to preheat the oil before starting. A 
great deal of time can 1)e saved by draining the oil from the tanks as soon 
as operations for the day are concluded and before the oil has cooled off. 
If left in the tank over night it ma}^ become so viscous as to require con- 
siderable time to drain off. In cold weather it is also advisable to have 
some sort of lagging on all the external oil lines, especially the drain from 
the intermediate section to the sump. This will result in higher oil tem- 
perature at cruising s])eed and will decrease the danger of stopi:)age due to 
congealed oil. A layer of asbestos cord, shellacked and then wrap])ed with 
friction tape ])rovides very good insulation. Lacking asl)estos, several 
layers of ordinary ])acking cord can be used. 

Landing Gear Inspection. — While at the front end of the airplane the 
next logical point to inspect will be the landing gear. The point that 
should receive attention first is the tension of the bracing wires that run 
from the fuselage longerons to the landing gear strut fittings. Next, the 
attachment of the wiring to the eyebolts in the landing gear and the se- 
curity wdring on the turnbuckles. y\ll the nuts and bolts on the strut 
sockets should be examined to make sure that none of the nuts have loos- 
ened up, and that all Ihe cotter pins are in place. Examine the wheels to 
see that there are no loose or broken spokes and that the wheels run true. 
See that the tires are properly inflated and make sure that they have no 
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weak spots or cuts in the casing that might result in a blow-out when 
landing. 

The wheels should be tested to make sure that they run freely on the 
axle and the lock member holding the wheel in place on the axle should 
be inspected to make sure that it is securely in place. The shock-absorber 
rubber should be wound evenly and have the proper tension and should be 
clean. In some types of airplanes, the oil will drip from the engine com- 
partment and flood over the rubber shock absorbers, which produces the 
rotting effect on the cable, thereby weakening it and resulting in prema- 
ture depreciation. The wooden fairing on the axle should be inspected to 
make sure that it is not cracked or split and that there are no splintered 



Fig. 295. — Examining Landing Gear Bracing Wires. 


]dcces ]n*ojecting from it. J^special care should be taken in insj)ection of 
shock absorbers of the enclosed ty])c and the casings should be removed 
from time to time to check the condition of the rubl^er j)arts. 

Fuselage Nose Parts. — While at tlie front end of the lUachine, examine 
carefully the front end of the fuselage to make sure tliat the radiator is 
])roperly secured to the carrier i)late and that the carrie;* or nose plate is 
properly secured to the front end of the fuselage longerons. The engine 
l)ed and engine retaining bolts should be examined to make sure that all 
parts are held tight. The vire braces in the fuselage should be examined 
with special care in the front compartment, as considerable strength is 
imparted to the engine carrying portion of the fuselage by these wires. 
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They should be tight and the tiirnbuckles should be well safety wired. 
Another point at the fuselage nose is the anchorage of the wind drag brac- 
ing, or the drift wires as they are called. Two of these are found on each 
side of some types of airplanes, one leading to the lower wing, the other 
to the upper wing. The soldered ends of these wires should be examined 
to see that the retention fittings are in the proper tension. Another point 
that demands inspection is the fastening of the motor compartment cowls 
and the motor hood cover. These must be secured and all screws that hold 
them to the fuselage should be in place. Special care is needed in examin- 
ing any insj)cction doors in the motor compartments, as these are apt to be 
left unsecurely fastened and on some types of machines may open up and 
shake around when the machine is flying. 



Fig. 296. — Examining Wing Fitting and Landing and Flying Wires. 


Wing Fittings and Struts. — The next points to examine are the wing 
panels and the points of attachment to the fuselage. The best method of 
doing this is to examine comiflelely the Aving panels on one part of the 
machine before taking those on the other side. There arc four points of 
attachment for the wings on each side of the fuselage, two for the upper 
wing and two for the lower. The wing fitting pins should be in place and 
properly cottered and safety wired. When this point has been checked 
off, the flying wires should be examined, one after the other. On those 
types of machines where double flying wires are used, it is imperative that 
equal attention be paid to each wire. The wires should not only have the 
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required tension, but should not be so tight that the struts between the 
wings are bowed. The struts should be good, clear wood and have no 
knots or curly grains. After the flying wires have been checked over, the 
landing wires which are the single cables should be inspected. While 
these are not as important as the flying wires, at the same time they should 
have the proper attention and all fittings should be secured. All wires and 
tiirnbuckles should be cleaned and greased with graphite and hard grease 
to prevent all chance of rusting. The wing fittings at the base of all the 
struts should show no signs of distortion, and any extending tongues to 
which bracing wiring is attached should not be bent in such a way that 
the wire cannot exert a straight pull. The bolts going through the sockets 



at the base of the struts and through the wing fittings should be properly 
tightened, and the nut on each bolt should be retained with a cotter pin. 
The struts should not be loose in the wing fittings. This can be ascer- 
tained by hitting the side of the strut a sharj) blow with the ojien hand at 
a point near the fitting. Any lost motion or looseness wiW be made evident 
by a clicking noise at the fitting. The incidence wires should be tight, as 
well as the landing and flying wires. These are the wires that go from the 
top of a pair to the bottom of the other of the same pair and are clearly 
shown in Fig. 266 in preceding chapter. 

Inspecting Ailerons. — An important member of the control system that 
should be inspected as part of the wing panel is the aileron or balancing 
flap. This should be easily operated and should not be distorted or bent 
in any way. The various points of the hinge assembly should be gone over 
to make sure that the pins are not unduly worn and that they are securely 
fastened. A few drops of oil should be applied to the hinges periodically 
and if the aileron is removed for any reason, oil and graphite should be 
introduced between the hinge pin and its bearing. The control wire con- 
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nections at the control wire, or pylon, should be checked over one by one 
to insure that all devise pins are properly fitted and that the wire ends 
leading to the clevises have secure joints. Special attention should be paid 
to control wires as if these are frayed at any point they should be replaced 
at once. The pulleys over which control wires run should be inspected for 
cracks and should be greased to make sure that they will be free running. 
All ailerons are checked in turn. On sonic types of machines but two 
ailerons are used, one on each top wing, while on others four are provided, 
one on each wing tip. 



Fig. 298. — Inspecting Lower Control Horn on Aileron, 

Inspecting Fuselage Interior.- — Rcfore working down to the empennage, 
or tail of the machine, the cover should be taken olT of the fuselage and the 
various wires used for bracing or control ]nir]^oses should be checked over 
to see that they are at the required degrees of lautness, that none of the 
fittings are cracked or broken, and that all tnrnbuckles are properly safety 
wired throughout the fuselage. The inspection of the fuselage is an espe- 
cially important matter in event of the machine having made a rough land- 
ing, or having been in use on service that required frecjiicnt “taking offs” 
and landings as instructions at an aviation school. A rough landitig is very 
apt to loosen up the brace wires in the fuselage, cs])ecially if a tail-low 
landing is made and the strain is taken by the tail skid before the wheels 
touch the ground. 

Stabilizers and Control Wires. — In examining the horizontal stabilizer, 
the only points that demand special attention are the bolts that hold it in 
])lace on the fuselage and also the braces that extend from each side of 
the rudder posts to the under side of the stabilizer. In examining the ele- 
vators, the hinge assembly by which they are attached to the rear end of 
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the horizontal stabilizer and the control horn should be gone over care- 
fully. The same applies to the rudder, only in this case the hinge assembly 
is attached to the rudder post at the rear end of the fuselage. What has 
been said in regard to the bearing points and control wires of the other 
control surfaces apply just as well to those of the rudder. 

Just ahead of the rudder a vertical stabilizer fin is installed. The only 
points about this that demand attention are the bracing wires and the bolts 
and nuts by which these are fastened to the horizontal stabilizer. While 
at the rear end of the machine the tail skid should be looked over with 



Fig. 299. — Examining Control Wires. 


s])ecial reference to the supporting hinge or swivel which is attached to the 
tail post of the fuselage, also to make sure that the wood is not cracked or 
s])liutercd. The tail skids of most air])lanes are ])rovided with a removable 
shoe of steel Avliicli forms a rubbing surface when the tail skid tracks on 
the ground, as in ilying or “taxiing.” As soon as this shoe shows signs of 
wc*ar it should be removed and replaced with a new one, as this will save 
ihe tail skid and is nuieh easier to do than replacing an entire tail skid 
meinhcr. Special attention should he paid to the shock absorber rubber of 
the tail skid. 

After every flight ])ass your hand over the control wires and carefully 
examine them near inillcvs. Jf only one strand is broken the wire must be 
changed. Don’t forget the aileron l)alance wire on the to]) plane. Once a 
day try the tension of the control wires l)y smartly moVing the control 
levers about as ex])lained elsewhere. See that all wires are kept well 
greased or oiled, and that they are all in the same tension. When examin- 
ing your wires he sure to have the machine on level ground as otherwise 
it may get twisted, throwing some wires into undue tension and slacken- 

L 
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Fig. 300 . — Control Pylon of Elevator Showing Wire Control Cable and Hard Wire 

Bracing. 

ing others. The best wn}, if you have time, is to jack the machine up into 
its “flying position.” If you see a slack wire do not jump to the conclusion 
that it nii;st be tensioned. Perha])s its opposition wire is too tight, in which 
case slacken it and possil)Iy you will find that will tighten the slack wire. 
Carefully examine all wires and their connections near the propeller, and 



Fig. 301 . — Control Horn of Rudder Showing Double Control Cable, Clevises, and 

Hard Bracing Wires. 
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be sure that they are snaked round with safety wire, so that the latter may 
keep them out of the way of the propeller if they come adrift. 

The wing skids at the end of each wing on a machine of considerable 
spread should be looked at to make sure that these are properly secured 
and not cracked. The control system parts should be checked over periodi- 
cally and operated to make sure that all the control surfaces operate as 
they should. In the Dep. control, the cable passes over a drum having a 
series of grooves cut into it to form a continiioiis spiral around which the 
control wire is wrapped. The drum around which the wire is coiled is not 
always of large diameter, and if wire of exceptional stiffness is used, or one 
that is not exactly the proper size, it is apt to fray, due to the sharp turn 
it is forced to make whenever the control is operated. 



Fig. 302. — Testing Stabilizer Attachment to Fuselage. 

If the machine is ])rovided with a stick control, special attention should 
be given to the universal joints which make it possible to move the stick 
forward and the control bar sideways at the same time. Naturally, every 
one of the multiplicity of connections at the control horns must be exam- 
ined in connection with checking over the control system. Points that are 
apt to be neglected, such as where the wire runs insidp the fuselage, are 
those which really demand inspection oftenest. By checking over the 
])oints enumerated carefully to ascertain if the machine is in propel flying 
condition before it leaves the ground, all danger of accident due to struc- 
tural failure when in the air is minimized. 

Cleanliness . — The fabric must be kept clean and free from oil, as that 
will rot it. To take out dirt or oily patches try acetone. If that will not do 
the job try gasoline, but use it sparingly or otherwise it will take off an 
unnecessary amount of dope. If that will not remove it, then hot water 
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of mud on to the lower plane. This should be taken off at once. Do not 
allow it to dry and do not try to scrape it off when dry. If dry then it must 
be moistened first as otherwise the fabric will be spoiled. In some air- 
planes where landings are frecjuent, as used in schools, mudguards are 
often fitted over the wheels to keep clods from being thrown into the pro- 
peller when taxi-ing over muddy ground. 

Weekly Airplane Inspection Card. — When the inspection of airplanes is 
made by an expert flyer, especially if he is to fly the airplane himself, it is 
reasonable to assume that everything of importance will be very carefully 
checked over. If the ins])ection is intrusted to non-flyers or ground me- 
chanics, unless these men are very conscientious and careful, the inspec- 
tion will not be as thoroughly made as is necessary as many take certain 
things for granted and give them only a cursory glance. While Chief 
Engineering Officer at Ilazelhurst Field, Mineola, E. I., the writer evolved 
a card that had to be filled out at weekly ins])ection and while this card is 
for a Curtiss J-N-4 biplane, it is aj^paretit that it can be modified to suit 
the construction of any machine. The various ])oints to be checked were 
enumerated and every space had to be filled out. Naturally, when the in- 
spector’s signature was on file, if any accident resulted from mechanical 
failure it was not difficult to check over the inspection card describing the 
inspection immediatel}' preceding and determine if the defective parts had 
been noticed. This ]daced a definite responsibility on every ins])Cctor. If 
anything was found that needed attention the ])lane was taken off the flying 
line and sent to the shops. The defects enumerated by the ins])ector were 
transcribed by a field clerk to a job card so that all defects found by the 
insi)ector were sure to receive attention. The material on the face Jind back 
of the card, that proved very useful is ie])roduced herewith. 

Causes of Airplane Accidents.— Twenty-two per cent of air])lanc acci- 
dents controlled by the French Aerial Navigation Service arc attributable 
to engine defects, according to Henri lirunat, chief of this dei)artment. 
probably the ])ercentage should be i)laced somewhat higher, for a certain 
Mumber of non-fatal accidents are not reported to the authorities The 
order of importance of engine defects is as follo\^^s : Mechanical l)reakages, 
defective water circulation, defective lubrication, i)oor carburetion, and de- 
fective ignition. Valves and valve o])crating gear, conijirising the valve 
itself, valve s])rings, rockers and t)ush rods, head the list of mechanical 
breakages. Ibston breakage comes next. Connecting rod and crankshaft 
breakage is now rare and can generally be attributed to lubrication de- 
fects. The most frecjuent cause of breakdown on old-type engines is the 
presence of cracks in the water jackets, caused by differences of expansion 
and contraction or due to corrosion of the very thin metal emjdoyed for the 
jiurpose. 

In 1923, 12.09 per cent of deaths were due to fire while in flight. Safety 
measures applied in 1924 reduced the percentage to 1.30 for that year. 
Later the j^ercentage increased until it became 13.23 per cent during the 
year 1926. Deaths from fire while on the ground were 16.07 per cent in 
1923. The following year safety measures reduced them to 11.76 per cent, 
but in 1925 they increased to 17.27 and to 26.46 for the year 1926. An ex- 
amination of the fire accidents shows that 28 per cent were caused by blow 
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WEEKLY AIRPLANE INSPECTION CARD 

Date 192 


Airplane No Make. Model . 

Engine No Make. Model. 


NOTE: This card must be made out by J’icld lns])ect()rs of every machine under 
his charge, signed by him, and must be turned over to the Chief 
Inspector as soon as made out. 


Propeller: 


Landing Gear: 


Condition of blades 

Hub assembly (bolts, w'ashers, 

cotters') 

Security to shaft 

Thrust 

Gasolene System : 

Tank 

Gasolene leads and connections 

Pump 

Gasolene in tank 

Water System: 

Leakage .... 

Radiator full 

Engine i 

Valves — 

Intake clearance 

Exhaust clearance 

Spark Plugs — 

Clean 

Gap 


Wire tension 

AVire terminals 

Strut sockets (nuts, bolts) 

Loose strokes 

Axle greased 

vSecurily of wheels to axle 

Shock absorlier rubbers 

Tire inflation 

Oil System: 

Leakage 

Oil 

Fu selage Nose: 

Tension fuselage bracing 

Tension and terminals wing drag 

bracing 

Engine Led and bolts 


Magneto — 

Mounting 

Distributor board 

Breaker point clearance 
Transiiiission wear 


Carburetor — Throttle Control — 

Security to manifold Pulleys 

Bracing Wiring 

Manifold joints 


Wing Joints : (pins, cotters, safety wires) 

Lower wing, right .left. 

IT])])er wing, right. .left. 

Wing Wire: (tension, terminals, clevis pins, cotters, safety wiies) 

Flying wires, right wing left 

Landing wires, right wing left. 

Wires, fittings, turnbuckles, cleaned and greased. 

(Over) 


(Face of Card) 
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Wing Fittings : (bolts, nuts, cotters) 
Right Wing 

I lower 

T r .nr- /wPI>^r 

LcftWmg 

Ailerons : 


Straightness 

Hinge assembly — (Lubricate with 
graphite grease). 

Security 

Wear 

Hinge pins and cotters 

Control wire connection (liorn) .... 

Frayed control wire (wheel) 

(pulleys and guides) 

Note: Control wires frayed at any 
point of their length must be rc- 
]daced at once. 

Lhilleys 

(jreased 

Free running 


Right ailerons 
Left ailerons 


{ 


upper 

lower 

upper 

lower 


Rudder: 


Hinge assembly 

Security 

* W car 

Hinge pins and cotters 

Control wire connections 

Horn 

Footbar 

Frayed control wu’re 

Note: Control wires frayed at any 
point of their length must be re- 
placed at once. 

Pulleys 

Greased • 

Free running 


Struts; 

Sockets, bolts, cotters 

Straightness 

Right wing 

l.cft wing 

Stabilizer: (btilts, nuts, cotters, 

braces) 

Vertical Fin: (bolts, nuts, cotters) .... 

Elevators : 

Hinge assembly 

Security 

Wear 

Hinge pins and cotters 

(horn 

Control wire connection 

Frayed control wire 

Note: Control w'ires frayed at any 
point of their length must be re- 
placed at once. 

Pulleys 

Greased 

Free running 

Right elevator 

T.cft elevator 

Tail Skid: 

Skid 

ImI tings 

Shock absorber 

Fuselage Rear Interior : 

Wire tensions 

Longerons 

Fittings 

Alignment 

Controls : 

J'ree and proper operation (lubricate 
with graphite grease). 

FJevator 

Rudder 

Aileron ' 


Ali gnment of Entire Machine . 


Field Inspector. 


(Reverse of Card) 
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backs into the carburetor, thus igniting the gasoline overflowing from the 
float chamber, esca])ing from a badly made connection, or having been 
allowed to accumulate under the engine housing. Connecting rod break- 
age was responsible for 24 per cent of the fatal fires; 6 per cent were at- 
tributed to defective valves or valve operating gear; 4 per cent were classed 
as due to defective operation of the engine, without any further descrip- 
tion ; 2 per cent were due to loose ignition wires on rotary engines. 

Dry sump lubrication and other means for keeping the lubricating oil 
at a low temjierature, so as to avoid leaks, is one of the measures recom- 
mended to diminish fire risks. Gas and oil tanks should be isolated from 
the engine housing and should not be immediately behind the engine. A 
fire curtain between the engine and the gas tank is not sufficient; the protec- 
tion should be continued on the sides of the tank. Instantaneous einjity- 
ing of the gas tank in case of a fire has been found unsatisfactory. Owing 
to the air currents, the licjuid is thrown over the fuselage and this causes 
the fire to spread. Drojijiing the gas tank in case of danger has given 
better results, statistics showing that in 20 tier cent of cases pilots have 
escaped disaster 1)}^ this means. Immediate sto]:)])age of the engine is 
recommended, and to make this jKissible the ])lugs should be of a type not 
liable to preignition. .Several serious accidents have shown that the most 
dangerous position for the jiassengers is in the foi'Avard part of a fuselage 
extending beyond the wings, and the safest position is in the fuselage back 
of the center of gravity of the airplane. 

Repairs Necessary in Training Planes. — While at Issoudoun, the writer 
ordered 'that the rejiair dejiartment keej) a careful accounting of the nature 
of repairs that were necessary and each job was jilaced in a certain classi- 
fication. Aviation school work under the pressure of wartime conditions 
is very exacting and the freqtient landings necessary in training pilots is 
not always sparing of either jicrsoiinel or material. The month of October, 
1918 was one in which all flying time records were broken and most of 
the fields were ojierating at 90 ])er cent efficiency or better, which means 
that at least that jirojiortion of their air])lanes were in the air. Naturally, 
the mechanical dei)artment was hard jwessed to keep u]) with the break- 
age. There were 1,354 planes that re([uircd work on the motor, such as 
changing carburetors, magnetos, regrinding valves, retiming valves and 
other operations that did not require dismantling the engine or its removal 
from the fuselage. Motors were changed in 398 ])lanes, which indicated 
either a serious breakdown or the com])letiQn of sufficient flying time to 
require overhauling. Gas tanks Averc changed in 262 jilanes which indicates 
that leakage of fuel containers Avas a matter that re([uired considerable care 
in inspection to prevent dangerous fires. The fre([uent landings and take- 
oiTs necessitated relining 584 fuselages, and 284 fuselages required AA^ork 
on the landing gear of minor nature, ])rincipally replacing or tensioning 
bracing wires or changing tires. The axles Avere changed on 239 planes, 
hoAvever and 121 landing gears required ucav Avhcels. .Shock absorbers cer- 
tainly suffered as 485 planes Avere put in the repair shops to have neAv shock 
absorbers fitted. NeAv controls Avere needed on 79 airplanes for the eleA^a- 
tors and 1,123 airplanes needed some minor Avork on the fuselage such as 
repairing seats, rudder bars, control cables, etc. Broken longerons caused 
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64 airplanes to visit the shops while broken wings laid up 528 planes. Only 
59 airplanes required new propellers to replace broken ones, which shows 
that this part of an airplane is pretty reliable, especially as most of the 
broken propellers were the results of crashes. As the Third Aviation In- 
struction Center was one that trained pursuit or “chasse*' pilots for the 
most part and several of the fields taught “stunt” flying, it is not to be 
wondered at that the repair shops required several thousand mechanics 
in order to maintain an adequate supply of planes for flying. 

Recovering Airplane Wings. — One of the most frequent repair jobs in 
connection with fa1)ric covered wings is the ])atching and replacement of 
the covering which depreciates in time, even if the plane is not used. In 
fact, it is desirable to remove the oUl fal^ric when it sags or loses its taut- 
ness and replace with new as this gives an excellent o])])ortunity to ex- 
amine the wing structure, checking over the condition of all spars, ribs, 
ca]js, comi)ression tubes and internal brace wires and their fittings. Loose 
Avires can be tightened and any s])lintered ribs or ca])S should be replaced 
before new covering is applied. 



Fig. 305. — Cutting Fabric to Pattern before Sewing in Machine. 


If the fabric is ])roperl}^ tight and a])])ears to be in good condition exce])t 
for small ri])s or holes, the covering can be save<l by ]Kitching. The method 
of ])atching is Aery simple. The s])ace around the hole or'ri]) is cleaned 
off to remove all oil for a distance c)f six Inches either side of the hole and a 
coat of acetate do])e is spread on the fabric. A ])atch is i)re])ared of the 
l)ro])cr size to cover the clean area, from linen or cotton fabric, the edges 
being scallo])ed. This ])atch is also sized Avith dope and pressed down in 
])lace over the hole, and is ironed or ])ressed doAvn with a rounded wood 
block till all excess dope has been s(|ueezed out from under the ])atch. The 
edges are firmly i)ressed down and the Avholc patch and adjacent surface 
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is given a coating of dope which is allowed to dry, after which varnish or 
varnish and pigment may be applied to have the patched surface match the 
rest of the wing. 

If the material is sagging between ribs and there are numerous tears or 
holes in the covering the only proper re])air is to fit an entirely new cover- 



Fig. 306. — Making a Bag of Fabric by Sewing Edges of Pieces cut to Pattern 

Together. 

iiig. The first step is to cut the fal)ric out to patterns, which arc painted 
on the cutting table as shown at Fig. 305. The pieces are then stitched 
together at the edges on a power sewing machine as shown at Fig. 306 
to form a bag open at the fuselage end of the wing frame. This bag is 
then stretched over the frame, as shown at Fig. 307 and is stitched down 
to the ribs with cord at intervals of about five or six inches. This stitching 
is shown at Fig. 308 which also shows the process of doping with brush 
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applied dope though spraying is the best way when the proper equipment 
is available. After the linen covering is stitched in place, the ribs are cov- 
ered with strips of tape having serrated edges which are doped in place. 
The final coats of wing preservative are put on after the first coat is well 
set. Sometimes, the stitching is supplemented by fine copper tacks nailed 
into the rib cap-piece through a piece of narrow tape, these tacks being 
driven in about one to two inches apart. After doping, the wings are slung 
up to the ceiling in rope and fabric slings to dry thoroughly. Wings and 
other control surfaces should be placed in suitable racks, endwise, resting 
on pads placed under the leading edge. Wings should never be laid flat 
on the ground or the floor because of liability of damaging the fabric 
covering. 



Fig. 307. — Stretching Fabric Bag over Airplane Wing Frame. 


Patching Duralumin. — One of the disadvantages of the duralumin struc- 
tures, when that material is used for boat hulls or floats, advanced by those 
favoring other constructions, is the difficulty in repairing a hole punched 
through the material. The resisting power of metal coverings is very high 
and when used for wings and i)roperly fastened, it is not subject to de- 
terioration as cither veneer or fabric surfaces are. A tyjAcal hole, punched 
through a sheet of metal used in a seaplane float and caused by running 
against a sharp rock or heavy stick is shown at Fig. 309 A. In examining 
the sheet in the parts near the break, one should be on the lookout for 
cracks radiating from the hole. It is recommended that all deformed, 
cracked or dented metal be cut away to leave a large circular opening as 
shown at Fig. 309 A. Cutting the sheet is easily done with small curved 
blade tinner’s snips or shears and edges should be filed to smooth any burrs 
that might result from cutting the sheet. A piece of metal similar to that 
of which the sheet is comi)osed is cut to the same shape as the hole after 
it is enlarged with an allowance of one-half inch all around to allow for 
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rivets. After the piece has been cut to shape, the rivet line is marked 
around the periphery and rivet centers are indicated with a center punch. 
In the rejKiir job shown, rivets 3/32 inch diameter were used, spaced on 
3/8 inch centers. When rivet locations are indicated on the patching piece, 
it is placed over the hole and rivet holes are drilled through the sheet patch 
and ruptured sheet simultaneously. A few machine screws are used to 
hold the patch in place for rivetting. A dolly bar is used on the inside to 
rivet against, and rivet sets are used to give a neat round head though they 
may be peened flat with a hammer. As a precaution to prevent ingress of 
water, the overla])ping surfaces arc covered with red lead paste. 

Temporary patches arc made by using two patching pieces, one inside, 
the other outside so the injured sheet is sandwiched in between the inner 



Fig. 308. — After Fabric is Stretched to Ribs with Cord Loops, the Fabric is “Doped” 
to Make it Air Tight, also to Protect it from the Weather and to Shrink it so the 
Surfaces between Ribs will be Tight as a Drum Head. 

and outer ])atch sheets. Machine screws, placed about twice as far apart 
as the rivets are, clamj) the three thicknesses of metal together, tlic heads 
being on the outside and the nuts on the inside. One of the functions of 
the reinforcing plate inside the sheet is to prevent the nuts cutting into the 
metal covering. A rci)air of this nature, shown at Fig. 309 B is not recom- 
mended as a ]')ermanent repair as the rivetted patch is much neater and 
lighter. Rivets should be of the same material as the sheet because if of 
iron or copper, electrolysis due to difference of potential between dissimi- 
lar metals in a saline electrolyte might be set up and corrosion and weak- 
ening take i)lace. In rivetting, the line of rivets is about one-quarter of 
an inch from the edges of the ])atch, making a A^ery neat repair as shown 
at Fig. 309 C. The following indicates the proper dimensions for location 
of rivets and sizes of rivets for different gauges of duralumin suitable for 
use for repair plates : 




INSPECTION AND MAINTENANCE 


59S 


Thickness 

Thickness 

of sheet 

of patch 

.020 

.032 

.025 

.040 

.032 

.050 

.040 

.064 

.050 

.064 

.004 

.064 


Diameter 

Rivet 

of rivet 

spacing 

3/32" 

3/8" 

3/32" 

3/8" 

1/8" 

1/2" 

5/32" 

S/8" 

3/16" 

3/4" 

3/16" 

3/4" 



Fig. 309. — Diagrams Showing Method of Patching Duralumin Sheet. 

Repairing Tubular Fuselages. — In repairing damaged structural mem- 
bers, the rivets are cut away to permit of removing the bent or broken 
]Meces and an entirely new piece is rivetted in ])lacc of a damaged member. 
All metal airi)lancs are usually built up of assemblies C()mi)ose(l of smaller 
pieces either rivetted or welded in ])osition. If the ])iece or minor assem- 
bly has been distorted around the break, it is better to remove fhe entire 
sub-assembly than to try to straighten out and reline the bent pieces 



Fig. 310.— Tubular Steel Construction with Flame Welded Joints Used for Fuselage 

of Pitcairn Crowing Biplane. 
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around the broken portion of the structure. Broken tubes or cracked mem- 
bers may be repaired by using a reinforcing ferrule inside or outside, weld- 
ing it in jdace. A badly distorted tube is best cut entirely out and a new 
one welded in place. A tubular steel fuselage does not require the bracing 
wires because the metal tubing used is suitable for resisting both com- 
pressive and “stretching” or tensile stress. In the wood and wire fuselage, 
the wood members are in compression because wood is strongest when the 
load is acting in that direction that will press the fibers closer together 
rather than in the direction tending to pull them apart. A typical section 
of an all tubular steel construction fuselage is shown at Fig. 310, which 
illustrates a portion of the 1‘itcairn Growing-, at about its mid-section. 



Fig. 311. — Example of Butt-welded Longeron Showing how Tubing Diameter is 
Reduced from Front to Rear at A, B and C Show Method of Welding Thick Plates 
to Sleeves, then Welding Sleeve to Tube. D — Cross Brace for Tail Skid Swivel 
Post Support Showing Removable Bronze Bushing to Take Wear. 

The manner in which joints arc made by oxy-oxcetylcne welding is 
clearly outlined at Fig. 311. The view at A shows the typical butt weld 
employed in joining tubular members to the longerons. The longerons 
are made of tubing of differing sections, smaller diameter tubing being 
used as the loads decrease. The sizes arc such that the next smaller size 
can slip into the bore of that adjacent to it which is larger after which 
the smaller tube is maintained in position by welding. The butt joint at- 
tachment of the diagonal braces as indicated further reinforces this joint. 
Whenever a thick plate is to be attached to a tube, the plate is first welded 
to a sleeve and the sleeve is welded to the tube. This method is illustrated 
at Fig. 311 B and C. The fuselage cross member supporting the swivel 
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post of the tail skid is shown at Fip. 311 D. This carries a bronze bushing 
for a bearing which is easily renewed by pressing it out and replacing with 
a new one when it becomes worn. The neat welded joints and minimum 
of burning of the surrounding material is apparent by inspection of the 
illustrations. 

Power Plant Troubles. — There are a number of power plant derange- 
ments which give positive indication because of noisy operation. Any 
knocking or rattling sounds are usually produced by wear in connecting 
rods or main bearings of the engine, though sometimes a sharp metallic 
knock, which is very much the same as that j^roduced by a loose bearing, is 
due to carbon deposits in the cylinder heads, or premature ignition due to 
advanced si)ark-time lever. Squeaking sounds invariably indicate dry 
bearings, and whenever such a sound is heard it should be immediately lo- 
cated and oil applied to the parts thus denoting their dry condition. Whis- 
tling or blowing sounds are produced by leaks, either in the engine itself 
or in the gas manifolds. A sharp whistle denotes the escape of gas under 
pressure and is usually caused by a defective packing or gasket that seals 
a portion of the combustion chamber or that is used for a joint as the ex- 
haust manifold. A blowing sound indicates a leaky packing in crankcase. 
Grinding noises in the motor arc usually caused by the timing-gears and 
will obtain if these gears are dry or if they have become worn. Whenever 
a loud knocking sound is heard careful inspection should be made to lo- 
cate the cause of the trouble. Much harm may be done in a few minutes 
if the engine is run with loose connecting rod or bearings that would be 
prevented by taking up the wear or looseness between the parts'by some 
means of adjustment. 

One who is not thoroughly familiar with engine construction will 
seldom locate troubles by haphazard experimenting and it is only by a sys- 
tematic search that the cause can be discovered and the defects eliminated. 
In this chapter the writer proposes to outline some of the most common 
power plant troubles and to give sufficient advice to enable those who are 
not thoroughly informed to locate them by a logical process of elimination. 
The internal-combustion motor, which is the ])ovver plant of all airplanes 
and airships is composed of a number of distinct groups, which in turn in- 
clude distinct components. These various appliances are so closely related 
to each other that defective action of any one may interrupt the operation 
of the entire power plant. Some of the auxiliary groups are more neces- 
sary than others and the power plant will continue to operate for a time 
even after the failure of some important parts of some of the auxiliary 
groups. The engine in itself is a com])lete mechanism, but it is evident that 
it cannot deliver any power without some means of supplying gas to the 
cylinders and igniting the compressed gas charge after It has been com- 
pressed ill the cylinders. From this it is evident that the ignition and car- 
buret ion systems are just as essential parts of the power plant as the 
piston, connecting rod, or cylinder of the motor. The failure of cither the 
carburetor or igniting means to function projierly will be immediately 
shown by faulty action of the power plant. 

To insure that the motor will continue to operate it is necessary to 
keep it from overheating by some form of cooling system and to supply oil 
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to the moving parts to reduce friction. The cooling and lubrication groups 
are not as important as carburetion and ignition, as the engine would run 
for a limited period of time even should the cooling system fail or the oil 
supply cease. It would only l)e a few moments, however, before the engine 
would overheat if the cooling system was at fault, and the parts seize if the 
lubricating system should fail. Any derangement in the carburetor or ig- 
nition mechanism would manifest itself at once because the engine opera- 
tion would be affected, but a defect in the cooling or oiling vSystem would 
not be noticed so readily. 



Fig. 312. — Engine Mounting of Pitcairn Growing. Engine Bearers are Laminated 
Wood to Absorb Vibration. Note Curtiss OXX5 Engine Installation, Location of 
Carburetor, Fuel Tank and Fuel Filter. Gravity Fuel Feed is Possible with this 

Arrangement. 

The careful aviator will always inspect the motor mechanism before 
starting on a trip of any conseciiience, and if ins])cction is carefully carried 
out and loose ])arts tightened it is seldom that irregular operation will be 
found due to actual breakage of any of the comj)onents of the mechanism. 
Deterioration due to natural causes matures slowly, and sufficient warning 
is always given when parts begin to wear so satisfactory repairs may be 
promptly made before serious derangement or failure is manifested. After 
a certain amount of flying time, the engine is removed for repairs and the 
plane is provided with a ncAV power plant. Top overhauls, Avhich mean 
valve grinding, carbon removal, valve operating gear adjustment and spark plug 
inspection or renewal are needed periodically, and much more often than a 
complete overhauling. The simj)le installation of the Curtiss 0X5 engine 
in the Pitcairn Orowing is shown at Fig. 312. While the fuselage is of 
steel tubing, as previously described, the engine bed pieces are laminated 
wood to insulate the fuselage from vibration. The photograph shoAvs how 
easily all parts of the poAver plant arc reached Avith the coAvling removed. 
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Trying Out Ignition System. — If a battery is employed to supply cur- 
rent the first step is to take the spark plugs out of the cylinders and test 
the system by turning over the engine by hand. If there is no spark in 
any of the plugs, this may be considered a positive indication that there 
is a broken main current lead from the battery, a defective ground connec- 
tion, a loose battery terminal, or a broken connector. If none of these con- 
ditions are present, it is safe to say that the battery is no longer capable 
of delivering current. While magneto ignition is generally used on air- 
plane engines, there is apt to be some development of battery igpition, 
especially on engines equipped with electric self-starters which are now 
being experimented with. The spark plugs may be short circuited by 
cracked insulation or carbon and oil deposits around the electrode. The 
secondary wires may be broken or have defective insulation which permits 
the current to ground to some metal part of the fuselage or motor. The 
electrodes of the spark plug may be too far apart to permit a spark to 
overcome the resistance of the compressed gas, even if a spark jumps the 
air space, when the plug is laid on the cylinder. 

If magnetos are fitted, as is usually the case at present and a spark is 
obtained between the points of the plug and that device or the wire leading 
to it from the magneto is in jirojier condition, the trouble is probably caused 
by the magneto being out of time. This may result if the driving gear is 
loose on the armature shaft or crankshaft, and is a rare occurrence. If no 
spark is produced at the ])lugs the secondary wire may be broken, the 
ground wire may make contact with some metallic ]H)rtion of the chassis 
before it reaches the switch, the carbon collecting brushes may I'le broken 
or not making contact, the contact points of the make-and-break device 
may be out of adjustment, the wiring may be attached to wrong terminals, the 
distributor filled with metallic particles, carbon, dust or oil accumulations, 
the distributor contacts may not be making proper connection because of 
wear and there may be a more serious derangement, such as a burned out 
secondary winding or a punctured condenser. 

If the motor runs intermittently, i.e., starts and runs only a few revolu- 
tions, aside from the conditions previously outlined, defective operation 
may be due to sei^:ing between ])arts because of insufficient oil or deficient 
cooling, too much oil in the crankcase which fouls the cylinder after the 
crankshaft has rev^olved a few turns, and derangements in the ignition or 
carburetion systems that may be easily remedied. There are a number of 
defective conditions which may exist in the ignition group, that will result 
in “skipping” or irregular o|)eration and the following iioints should be con- 
sidered first: weak source of current due to discharged storage batteries; 
weak magnets in magneto, or defective contacts at magneto; dirt in mag- 
neto distributor or ])oor contact at collecting brushes. JDirty or cracked 
insulator at spark ]dng will cause short circuit and can only be detected 
by careful examination. The following points .should also lie checked over 
when the plug is insiiccted : Excessiv^e .space between electrodes, points 
too close together. loose central electrodes, or loose point on jilug body, 
.soot or oil particles between electrodes, or on the surface of the insulator, 
cracked insulator, oil or water on outside of insulator. Short circuits in 
the condenser or internal wiring of induction coils or magnetos, which are 
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fortunately not common, can seldom be remedied except at the factory 
where these devices were made. If an engine stops suddenly and the de- 
fect is in the ignition system the trouble is usually never more serious than 
a broken or loose wire. This may be easily located by inspecting the wir- 
ing at the terminals. Irregular operation or misfiring is harder to locate 
because the trouble can only be found after the many possible defective 
conditions have been checked over, one by one. 

Common Defects in Fuel Systems. — Defective carburetion often causes 
misfiring or irregular operation. The common derangement of the com- 
ponents of the fuel system that occur often enough to warrant suspicion 
and the best methods for their location follows: First, disconnect the feed 
pipe from the carburetor and see if the gasoline flows freely from the tank. 



Fig. 313. — Mounting of Aluminum Fuel Tank in Pitcairn Growing Airplane. Tank 
may be Removed by Releasing Nut and Straps and without Disturbing Top Cowling. 

If the stream coming out of the pipe is not the full size of the orifice it is 
an indication that the pi])e is clogged with dirt oi that there is an accumu- 
lation of rust, scale, or lint in the strainer screens of the filter. A typical 
gravity feed installation is shown at Fig. 312, as well as the location of the 
fuel tank, filter and Dui)lcx Zenith Carburetor. It is also possible that the 
fuel shut-ofT valve may he wholly or partly closed. If the gasoline flows 
by gravity the liquid may l:>e airbound in the tank, while if a pressure feed 
system is utilized the tank may leak so that it does not retain pressure; the 
check valve retaining the pressure may be defective or the pipe conveying 
the air or gas under pressure to the tank may be clogged. 
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If the gasoline flows from the pipe in a steady stream, showing that 
there is no obstruction in the line, the carburetor demands examination. 
There may be dirt or water in the float chamber, which will constrict the 
passage between the float chamber and the spray nozzle, or a particle of 
foreign matter may have entered the nozzle and stopped up the fine holes 
therein. The float may bind on its guide, the needle valve regulating the 
gasoHne-inlet opening in bowl may stick to its seat. Any of the condi- 
tions mentioned would cut down the gasoline supply and the engine would 
not receive sufficient quantities of gas. Air may leak in through the mani- 
fold, due to a ])orous casting, or leaky joints in a built up form and dilute 
the mixture. Water or sediment in the gasoline will cause misfiring be- 
cause the fuel feed varies when the water or dirt constricts the standpipe 
bore. 

It is possible that the carburetor may be out of adjustment. If clouds 
of black smoke are emitted at the exhaust pipe it is positive indication that 
too much gasoline is ])eing supplied the mixture and the supply should be 
cut down by making sure that the fuel level is at the i>roper height, or that 
the proper nozzle is used in those forms almost universally used in air- 
])lanes where the spray nozzle has no means of adjustment. If the mix- 
ture contains too much air there will be a pronounced popping back in the 
carburetor. When a carburetor is properly adjusted and the mixture de- 
livered the cylinder burns properly, the exhaust gas will be clean and free 
from the objectionable odor present when gasoline is burned in excess. 
The character of coml^ustion may be judged by the color of the flame which 
issues from it when the engine is running with an ojkui throttle after night- 
fall. If the flame is red, it Indicates too much gasoline. If yellowish, it 
shows an excess of air, while a properly proportioned mixture will be evi- 
denced by a ]ironounced 1)hie flame, such as given l)y a gas-stove l)urner. 

Leakage of gasoline, either at tank seams or pipe line joints must be 
corrected immediately. The aluminum tank mounting on the Pitcairn 
Qrowing plane is shown at Fig. 313 and the installation is such that the 
tank may be removed by releasing retention nuts and straps without re- 
moving cowling for testing or repairing. 

Zenith Carburetor Adjustment. — The Dui)lex Model Zenith carburetor 
used upon most of the six-, eight- and twelve-cylinder airplane engines 
consists of a single float chamber, and a single air intake, joined to two or 
three se])arate and distinct spray nozzles, venturi and idling adjustments. 
The mounting is such that fuel may be fed by gravity in some airplanes 
as shown at Fig. 312 where it is carried well below the engine. The loca- 
tion of the fuel filler is also clearly shov/n. It is to be noted, that as the 
carburetor barrels are arranged side ))y side, both valves are mounted on 
the same shaft, and work in unison through a single oj^xirating lever. It 
is not necessary to alter their position. In order to make the engine idle 
well, it is essential that the ignition, especially the sj)ark plugs, should be 
in good condition. The gaskets between carburetor and manifold, and 
betw^een manifold and cylinders should be absolutely air-tight. The ad- 
justment for low sjieed on the carburetor is made by turning in or out the 
two knurled screws, ])laced one on each side of the float chamber. After 
starling the engine and allowing it to become thoroughly warmed, one side 
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of the carburetor should be adjusted so that the three cylinders it affects 
fire properly at low speed. The other side should be adjusted in the same 
manner until all six cylinders fire perfectly at low speed. As the adjust- 
ment is changed on the knurled screw a difference in the idling of the 
engine should be noticed. If the engine begins to run evenly or speeds up 
it shows that the mixture becomes right in its pro])ortion. In some radial 
air-cooled engines having nine cylinders, a triple throat device may be used, 
each separate throat or carburetor mixing chamber serving three of the 
nine cylinders. 

Be sure the butterfly throttle is closed as far as ])Ossil)le by screwing 
out the stop screw which regulates the closed ]H)sitioii for idling. Care 
should be taken to have the butterfly held firmly against this stop screw 
at all times while idling engine. If three cylinders seem to run irregularly 
after changing the jiosition of the butterfly, still another adjustment may 
have to be made with the knurled screw. Unscrewing this makes the mix- 
ture leaner. Screwing in closes off some of the air sujiidy to the idling 
jet, making it richer. After one side has been made to idle satisfactorily 
repeat the same procedure with the ojijiositc three cylinders. In other 
words, each side should be idled indejiendcntly to about the same speed. 

Remember that the main jet and compensating jet have no appreciable 
effect on the idling of the engine. The idling mixture is drawn directly 
through the opening determined by the knurled screw ami enters the 
carburetor barrel through the small hole at the edge of each butterfly. 
This is called the priming hole and is only effective during idling. Beyond 
that point!* the suction is transferred to the main jet and competisator, which 
controls the power of the engine beyond the idling j)osition of the throttle. 

Defects in Oiling Systems, — ^AVhile troubles existing in the ignition or 
carburetion groups are usually denoted by imperfect oi)eration of the motor, 
such as lost power, and misfiring, derangements of the lubrication or cool- 
ing systems are usually evident by overheating, diminution in engine ca- 
pacity, or noisy operation. Overheating may be caused l)y ])Oor carburetion 
as much as by deficient cooling or insufficient oiling. When the oiling 
group is not functioning as it should the friction between the motor ])arts 
produces heat. If the cooling system is in proper condition, as will be evi- 
denced by the condition of the water in the radiator, and the carburetion 
groups appears to be in good condition, the overheating is probably caused 
by some defect in the oiling system. 

The conditions that most commonly result in poor lubrication are: In- 
sufficient oil in the engine crankcase sump or in oil tank in dry sump sys- 
tems, broken or clogged oil pipes, screen at filter filled with lint or dirt, 
broken oil pump, or defective oil pump drive. The supply of oil may be 
reduced by a defective inlet or discharge check valve if a plunger pump 
is used or worn ])umps. A clogged oil passage or pipe leading to an im- 
portant bearing point will cause trouble because the oil cannot get be- 
tween the working surfaces. It is well to remember that much of the 
trouble caused by defective oiling may be prevented by using only the 
best grades of lubricant, and even if all parts of the oil system are working 
properly, oils of poor quality will cause friction and overheating. 

Water-Cooling System Troubles. — Cooling .systems are very simple and 
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are not liable to give trouble if in good repair if the radiator is kept full of 
clean water and the circulation is not impeded. When overheating is due 
to defective cooling the most common troubles are those that impede water 
circulation. If the radiator is clogged or the piping of water jackets filled 
with rust or sediment the speed of water circulation will be slow, which 
will also be the case if the water pump or its driving means fail. Any scale 
or sediment in the water jackets or in the piping or radiator passages will 
reduce the heat conductivity of the metal exposed to the air, and the water 
will not be cooled as ([uickly as though the scale was not present. 

The rubber hose often used in making the flexible connections de- 
manded between the radiator and water manifolds of the engine may de- 
teriorate inside aiifl ])articles of rubber hang down that will reduce the 
area of the ])assage. The grease from the grease cups mounted on the 
])umpsliaft bearing to lubricate that member often finds its way into the 
water system and rots the inner walls of the rubber hose, this resulting in 
.strij)s of the partly decomposed rubber lining hanging down and restrict- 
ing the passage. Sometimes a hose connection will buckle and the passage 
through it will be greatly restricted. The greatest enemy of a water-cool- 
ing system is vibration and most of the troubles in flight result from 
cracked tubes or leaky water jackets and radiator cores. In event of loss 
of water, the engine will soon heat up because a cooling system for air- 
l)Ianes is very closely figured to save weight and everything must be work- 
ing i)ro])erly to insure good cooling. .Sometimes a relatively small leak 
will cause overheating because after a certain amount of water is Jost, the 
remaining licjuid will get abnormally hot and steam away. For tjiis reason, 
even the slightest leaks should be repaired as soon as it is disclosed by 
insi)ection. 

Radial Air-Cooled Engines. — This table of the commonest troubles and 
their cause's is submitte<l to the service men with the object of reducing 
wasted time and increasing the reliability of the Whirlwind engine by the 
makers of that very reliable and efficient ])Ower j)lant. 

If Engine Fails to Start it may be due to any one of the following 
causes : 

1. [aicIc of fuel. JCxamine fuel supj)ly, shut off cocks, tra])s, strainers 
and hose connections. 

2. Under Priminy or Over Priming, See instructions on .starting. 

3. Booster Magneto Defective. Examine and test the starting magneto. 

4. Throttle Opening Incorrect. The throttle should be approximately 
one-eighth open while starting. 

5. Defective Ignition IPirc. Examine ignition wiring for wear, breaks 
and incorrect connections. 

6. Dirty Spark Plugs. Check spark i)lugs for ])roper functioning. Clean 
and set gaps (R.G., .015 inch; A.C., .020 inch to .025 inch). 

7. Incorrect Valve Tappet Clearance. Check the valve tappet clearance. 

8. Incorreet Timing. Check valve and ignition timing. 

9. [footer in Carburetor. Remove a plug from the bottom of the car- 
buretor and drain out gas and water. 

10. Cold Oil. With the ignition .switches olT, turn the engine over by 
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hand. If it is very stiff it will be necessary to heat the oil before 
starting. 

11. Magneto Breaker Points, See that the magneto breaker points are 
clean and have the proper gap (.012 inch). Test spark delivered by 
magneto. 

12. Miscellaneous, Examine the engine carefully for unusual conditions, 
turning over slowly by hand. 

Low Oil Pressure or none at all may be caused by 

1. Lack of Priming. Disconnect the oil suctif)ii line and fill the pump 
with oil. Turn engine over by hand until oil is sucked into pump. 
Check oil supply. 

2. Leak in Suction Lines, Examine the oil suction lines for air leaks. 

3. Dirt in Oil Screen. Kemove and clean the oil strainer. 

4. Oil J^ressure Relief Vah*c. Examine the oil pressure relief valve and 
spring for ])rc)per seating or l^reakage. 

5. Gun Synchronisers or Starter Dog Remozfed. The gun synchronizers 
are on the main oil line and if removed should be replaced with 
dummy parts (No. 1<S828). The same is true of the starter dog 
which should be re])laced with part No. 19980 and the retaining 
screw (J-S No. 19712 or J-4B No. 17177). 

6. Crankshaft Plug Out. Remove a cylinder and examine the crank- 
shaft ])lugs. 

7. Excessive Bearing Clearance. A bearing may be worn enough to cut 
down the ])ressure in which case an overhaul will be necessary. 

Crankcase Filling with Oil is usually caused by lack of ]:)riming in the 
discharge jiuni]). Disconnect the main discharge line from the engine and 
])ut on a two foot length of garden hose, h'eed oil into this hose while 
turning the engine backwards until a quart or so has lieen sucked in. Check 
oil puni])S, strainers and lines for failures or stoiipages. 

* Engine Runs Unevenly and does not come u]) to power. The full 
throttle speed of the engine will vary 75 to 100 r.p.m. under different at- 
mospheric conditions. It will also vary considerably with the condition of 
the propeller. Therefore the engine should not be considered low on power 
unless the drop in si)eed is excessive under similar conditions. 

Low power and uneven running may be traced to any of the follow- 
ing causes : 

1. Rich or Lean Mixture. Make sure the mixture control lever is in the 
best position. 

2. Leaks in Induction System. Examine the intake pipes for cracks and 
for leaks at the cylinder and crankcase connections. Examine the 
carburetor and manifold flanges for tightness. J^xaniine pipe plugs 
in cylinder inlet ])orts to sec that they are all tight. 

3. Spark Plugs. See that all the spark plugs are clean and that they 
have the ju'oper clearance. 

4. Valve and Valve Gear Trouble, Check valve tappet clearance, springs, 
washers, rocker arms, and push rods. Be sure the push rods on 
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J-4 scries engines have not been interchanged. The cam followers 
nearer the propeller operate the exhaust valves. See that the valves 
are not sticking. 

5. Poor Fuel. Make sure the fuel being used is a good grade of do- 
mestic aviation gasoline and that it flows freely to the carburetor. 

6. Magneto Breaker Points. See that the magneto Imeaker points are 
clean and have the proper gap (.012 inch). Check operation of 
magnetos. 

7. Engine Overheating. This may be caused by items 1, 2, 3, and 5 
above. It is easily recognized by the fact that the engine will run 
at normal speed just after idling and will then slowly fall off. Con- 
tinued running of an engine exhibiting this symi)tom is liable to 
cause considerable damage so an investigation of the cause should 
be started immediately. Other causes arc improper cowling, exces- 
sive air temperature, thin oil, and iiiMifficicnt oil-cooling. 

Excessive Oil Tem])eraturc may be caused by 

1. Insufficient oil-cooling. 

2. Insufficient oil supply. There should be at least two gallons of oil 
in the system. 

3. Low grade oil. See that the oil being used is u]) to specification. 

4. Suction pump failing to scavenge oil jiroperly from crankcase. I'-x- 
amine all oil lines for leaks. 

5. Overheated Jiearing. If the trouble is not found after an investiga- 
tion of 1, 2 and 3, a bearing may be overheating, in which ease a 
disassembly will be necessary. 

Carburetor Leaking. — Recause of the fire hazard the engine should not 
be run if the carburetor leaks gasoline excessively. 'This may be caused by 

1. Leaky float. 

2. Stuck float. 

3. Poor seating of needle valve. 

4. Wear of float fulcrum jun. 

In any case the carburetor should be removed and checked over. Jf the 
float has been leaking the gasoline should be removed, the hole soldered, 
and the float immersed in hot w ater to test for tightness. The needle vahe 
scat should be removed, the valve lap])ed in witli fine comj)ound and the 
assembly tested for tightness and float level. 

QUESTIONS FOR REVIEW 

1. Name important things to look for when inspecting t)ropelIer. 

2. What parts of the power plant rccpiire inspection l^eforc e\ery flight? 

3. Why should an engine he run for a time l^efore tlie airplane leaves the ground? 

4. Describe points on landing gear that must be looked over. 

5. Give inspection routine for water-cooled engine. 

6. Give inspection routine for air-cooled engine. 

7. Outline instructions for starting airplane engines. 

8. What points on the wings need inspection? 

9. What defects would you look for in the fuselage and controls? 

10. Outline steps in recovering wood and fabric airplane wings. 
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DETAILS OF MODERN AIRSHIPS AND AIRPLANES 

Advantages of Rigid Type Airships — Airship Frame Construction — Large Airships 
Projected — Army Non-rigid Dirigibles — Requirements of Airships for Civilian 
Flying— Light, Low Powered Airplanes— The Short "Satellite”- The Westland 
Wood Pigeon— The Westland Widgeon — Ryan Ml Monoplane — K. R. A. Light 
Monoplane — Pander (Dutch) Light Plane — Medium Weight Planes — Pitcairn 
Crowing — Buhl-Verville CW3 — Fokker Universal Monoplane — ^Wright-Bellanca 
Monoplane — Curtiss Carrier Pigeon — Curtiss Falcon Observation Plane — Multi- 
Motored Airplanes — Diesel Engines Proposed — Heinkel Twin-Motor Biplane — 
Caproni CA73 Bomber — ^The C. P. A. 1 Two-Motor Bomber — Remington- 
Burnelli Airliner — Fokker Tri-motor F VII — Fokker Power Plant Installation — 
General Fokker* Features — Bleriot Four Engine Airliner. 

Advantages of Rigid Type Airship. — Before describing typical lighter- 
ihan-air craft or airships tlial have received actual commercial as well as 
military usage, it may be well to briefly review some (jf the advantages of 
the rigid type, which is the one that lends itself most easily to large struc- 
tures and which is also the safest of the three types we have previously 
reviewed in Chapter II which is devoted to a consideration of the ele- 
mentary principles underlying airship construction and application. Rigid 
airships have made longer single flights than other types and have flown 
more hours and miles without refueling than any other form. The rigid 
airship is said to be the fastest large vehicle of transportation that engineer- 
ing ability of man has yet evolved. The Navy Airship Los Angeles, shown 
near the mooring mast at Lakehurst, N. J. to which it may be anchored is 
de])icted at Fig. 31.'!. A design of the new 6,500,000 cubic foot capacity ship 
recently authorized by Cong’ress is shown at Fig. 316 flying over a battle- 
sliip at an elevation of about 1.500 feet. The rigid airshij), owing to its 
large size and light weight can carry more load than any other type of 
aircraft. It is independent of topography as oceans and continents arc but 
areas to fly over. Land vehicles must stop when they reach water, water 
transport must stop when the shij) is docked. 

Airship Frame Construction. — The rigid airship, because of its bulk- 
head system, in which the lifting gas is carried in 16 to 20 cells, has a much 
greater safety factor than the types in which the gas is carried in only one 
or two containers. In event of damage to one or two cells, the ship can 
continue its journey and repairs can be made to a leaky gas cell while in 
flight. 

The rigid ship has a complete metal framework. Girders extend from 
nose to tail, or in nautical parlance, from stem to stern. Ring girders set 
at intervals brace the longitudinals and are them, selves internally rein- 
forced by cross girders and tension wire bracing. The entire framework 
is enclosed by a network of wiring and the whole is streamlined or faired 
to minimize air resistance with a fabric covering. 
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The view of the crew’s quarters on the Bodensee, a German air liner 
at Fig, 317, shows the triangular keel member with the cat-walk by which 
the crew can travel from one end of the shi]^ to the other and gain access 
to the different gas bags. The character of the longitudinal duralumin 
girders and the way they are braced by the ring girders is clearly shown at 
Fig. 318. This depicts that portion of the hull where one set of fuel tanks 
are located. The view at Fig. 319 shows the interior with the deflated gas 
cells hanging from the top-most longitudinal ready for inflation. The outer 
skin is in place and the large size and extreme lightness of the structure is 
clearly shown. The passenger cabin of the Deutschland, another rigid 
dirigible of the Zepellin scries is shown at Fig. 320. Wicker chairs are 
used because of their light weight and the interior structure of the cabin 



Fig, 315. — The U. S. Navy Rigid Dirigible Los Angeles Held Down by Landing 
Party Prior to Mooring at Special Mast for that Purpose at Lakehurst, N. J. 


can be determined by study of the illustration. The control of a Zepellin 
type airship is not as simple as that of an airjdanc and no one man is at 
the controls. Special controls are provided for the elevators and still an- 
other set for the vertical rudders. The elevator control of the L59 with 
the instruments for altitude navigation is shown at Fig. 321. Control is 
by a large wheel similar to the steering wdieel'of a ship. Directional con- 
trol is by a similar wheel at another part of the control car. 

Large Airship Projected. — The largest of the United States Navy air- 
ships, the Shenandoah was 600 feet long with a capacity of 2,115,000 cubic 
feet. The projected airship designed by the engineers of the Goodyear- 
Zepellin Company, while it has over three times the capacity of the Shen- 
andoah will be only 100 feet longer and will be of such size that it may be 
housed in the Lakehurst hangar. The illustration at Fig. 322 shows how 
the new ships authorized by congress will compare with the Shenandoah. 
The control car will be built into the hull and streamlined. Engines of 
4,800 horsepower, giving a speed of 90 miles per hour with fuel for from 
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5,000 to 8,000 miles will drive the ship* The air screws will be fitted in 
tilting mountings, which will turn in a 90 degree arc to help force the ship 
upward or downward as desired and greatly aid in controlling the huge 
vessel. 

It will embody the proved structural advantages of some 135 ships built 
in the past. 

(a) Multiple gas cells which function like bulk-heading on a steamship, 
so that if one or more cells fail the ship will still remain aloft: (b) The 
triple cover system, one cover to hold the lifting gas, one consisting of the 
shape-forming duralumin frame-work, and an outer cover to shed rain and 
snow, to reflect rather than to absorb heat, and to present a fair surface; 
(c) invulnerability against lightning; (d) accessibility to inspection and 
repair. 



Fig. 316 . — New Airship that will have over Three Times the Gas Capacity of the 
Los Angeles, as it will Look Flying over Battleship New Hampshire. 


It will h(Avever jirescnt certain new features as well of far reaching im- 
portance : (a) A douldc or trijde keel giving added longitudinal strength 
comparable to the 1)reaking strength of one length of metal, as against two 
or three bolted togctlicr; (b) a new type of ring girder each internally 
braced and structurally self sufficient, which (c) will j)ermit the control car 
and even the power cars to be built within tlic hull; (d) even fuller accessi- 
bility to continuous inspection and permitting repairs to l)e made even in 
flight; (e) the use of new' fuels to conserve helium and reduce weight. 

Army Non-Rigid Dirigibles. — The non-rigid dirigible is the smallest of 
the three types as the largest now being built in the United States for the 
Army and Navy service have a gas capacity of about one-tenth that of the 
Los Angeles. Under ordinary conditions a 230,000 cubic foot non-rigid 
has a cruising radius of from 500 to 1,000 miles and an air endurance of 
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from 18 to 24 hours. Such airships are essentially motorized free balloons 
and the engines are carried in a car attached to the lower side or bottom of 
the bag. The Pilgrim, a small non-rigid previously described with a gas 
capacity of 50,000 cubic feet has a speed of 50 miles per hour and is pro- 
pelled by a Wright ''Gale” three-cylinder engine as shown at Fig. 323. 
This small ship was built to carry four passengers. The gas in non-rigid 
ships, as in the army TC types, as shown at Fig. 324 is contained in a sin- 
gle bag, but an inner two compartment l)ag, called the ballonet, is filled 
with air to keep the main container properly distended because the air 
pressure can be made to compensate for variations in gas pressure in the 
bag. These ships have a capacity of about 200,000 cubic feet, arc 196 feet 



Fig. 317. — Crew’s Quarters on Bodensee, a German Zeppelin. Note Construction of 
Duralumin Girders Built Up of Numerous Small Pieces. 


long overall and 47 feel in extreme height. The hull diameler is 33.5 feet. 
The fineness ratio is 4.4 to 1. The total lift is 11,584 ])ounds of which the 
useful lift is about 4,000 pounds. The gross Aveight i)er horsej^oAver is 38.6 
pounds. Two Wright Ty])e I Avater-coolcd cuigines of 150 horsepoAver each 
were provided on the first ships of this scries but these have been replaced 
on later types Avith two Wrighl Jl engines, which are nine-cylinder radial 
air-cooled types driving tractor ])ro])eliers 9 feet 10 inches in diameter. It 
is claimed that the saving of 400 pounds over the water-cooled installation 
permits an increase of speed from 54 to 60 miles ])cr hour; with an increase 
in range of 10 per cent. 

Requirements of Airplanes for Civilian Flying. — Mr. L. G. Meister, 
M. S. A. E. of the Buhl Aircraft Com])any, Marysville, Mich, has discussed 
some of the features he believes desirable to incorporate in airplanes for 
civilian flying and as he is a pilot of considerable exiierience, his comments 
are worthy of careful consideration. He states; 
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“Folding wings arc a desirable feature from the yiewpcmit 
storage, or of towing from one field to another without dismantling. When 
folded in place and left in the open, the airplane does not require staking 
down, and it can be stored in the average bain. 
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Fig. 319. — Interior View of the Framework of the Zeppelin “Bodensee** Showing 
Deflated Gas Bags of Gold Beater’s Skin Hanging from the Top of the Structure. 


Ease of maintenance and accessibility require quick, detachable engine- 
cowling, as well as large inspection plates for fuselage, control and tail skid 
inspections. When accessibility for inspection is good, maintenance and 
inspection arc not slighted. 

Instruments should I)e readily visilde. They should not have too many 
graduations and should have the main graduations marked with luminous 
paint as this is imperative for flying through bad weather and darkness. 
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The choice between round-dial and vertical-dial instruments is a matter of 
personal preference, with the old pilots favoring the round-dial type because 
they are familiar with them. 

Modern airplanes usually have more than one fuel tank and the standard 
Air Service three-way fuel valve with geared pump has proved the best 
l)ecause it is positive and eliminates the fire hazard caused by using air 
pressure in an air-tight fuel tank. Gravity feed tanks for emergency use 



Fig. 320. — Interior View of the Passenger Cabin of the Deutschland Showing Com- 
fortable but Light Wicker Arm Chairs and Large Windows for Observation Purposes. 

easily can be located in the upper wing panels, and this system is practically 
standard. 

More attention should be and Avill be paid to easy entrance to and egress 
from cabins and cockpits, and more study will be given to muffling the en- 
gine exhaust. The whirling chamber type of exhaust manifold has given 
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Fig. 321. — Part of the Control Car of the “L 59” Showing Wheel for Elevator Control 
and Instruments for Altitude Indication for Guidance of Helmsman. A Similar Installa- 
tion on the Other Side of Cabin Controls Vertical Rudder and Horizontal Movements. 
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Fig. 322 — Drawings Comparing the Size of the U. S. Navy Shenandoah or ZRl with a Proposed Military Airship Having More than 

Three Times its Cubical Contents. 
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the most satisfactory results, although it must be remembered that all long 
exhaust manifolds are the greatest fire hazard on any airplane, as proved 
by the crash tests of the Engineering J^i vision at McCook Field. 

Metal propellers are coming into more general use and have many ad- 
vantages over the laminated wooden type. They are stronger, are not sub- 
ject to atmospheric conditions, can fly through rain and hail without dam- 
age or take-off through high grass, and arc made with variable pitch, but 
they are slightly heavier and costlier than wooden i)ropellers. There is no 
doubt of the superiority of the metal propeller, and its many advantages 
undoubtedly will ai)peal to the ])rivatc owner and operator. 



Fig. 323. — Rear View of Power Car of Small Non-Rigid Type Dirigible Showing 
Installation of Wright ‘*Gale” Engine and Four Blade Metal Propeller. 


The single-engine type of privately f)wncd airplane can l)e built readily 
with the maximum of 250 horsepower and should be air-cot)led. Whether 
the engine will alwa\'s be radial and air-cooled is hard to j)redict; but we 
can rest assured they will be air-cooled, regardless of cylinder arrange- 
ments. More inc|uiries are received refiuesting information about our air- 
plane equipment with an air-cooled engine than about our airplane equipped 
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with a water-cooled engine. Taking these inquiries as a criterion, we can 
readily interpret the desires of the public. 

The old question of monoplane versus biplane is often resurrected and 
again is carefully laid aside without reaching a definite decision, although the 
biplane can be stored in a smaller hangar, is handled more easily and can 
be built lighter for the same factor of safety. The larger successful mono- 
planes today have either duralumin wings, with duralumin spars, such as 
the Stout airplanes, or wooden spars with veneer covering, such as the 
Fokker airplanes, l^oth are of the cantilever type. The olcl-type fabric- 
covered monoplane wings have not j^roved successful owing to their lack 
of torsional rigidity which produces fluttering when the fabric loses its 
tautness. 

Biplane wings readily can be made to fold without any great difficulty 
in design or any need of stronger wing fittings, but a monoi)lane requires 
stronger fittings because the entire wing is supported only at one point 



Fig. 324. — View of U. S. Army TC-4 Non-Rigid Type in Flight Taken from Official 
Photograph of U. S. Army Air Corps. 

when folded back. E(|ui])mcnt with folding* wings has been accom])lished 
successfully for small monoplanes, but in the larger ty])es the greater over- 
hang of the wing leads to serious structural difficulties. 

Stability in flight, while highly desirable to a limited degree, is not de- 
sired by the exj)erienced pilots because it makes an airj^lane hard to control 
in rough air. Just enough stability so that an airi)lane can be set to fly 
‘hands off* in smooth air is sufficient, as, otherwise, the pilot must fight 
the ‘bumps’ and the airplane also in rough Aveather.” 

Geographical location and topographical conditions determine the air- 
])lanc requirements of many [)ros])ective purchasers, and many inquiries are 
received from along the sea-coast regarding ])ontoon installations. In- 
quiries from the Great T^akes and the lake regions of Michigan and Minne- 
sota are in regard to amphibians. As a sport type, the amphibian airplane 
offers many advantages, particularly as to storage facilities and the ai)ility 
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to choose its own landing field. In fact, the amphibian has made the flying 
boat obsolete as a pleasure craft. 

Performance need not be sacrificed in an amphibian as is proved by the 
performance of the Loening Amphibians, but in the interest of lighter con- 
struction and due to the arliitrary limitation of 250 horsepower, the hulls 
probably will be built of duralumin because of absence of water soakage, 




Fig. 325.— Typical Light and Medium Weight Airplanes. Three Upper Views Show 
Two English Monoplanes and One Biplane. The Ryan M 1 is an American Design 

of Braced Wing Monoplane. 


which is unav()i(lal)Ie with a veneer hull. Interesting experiments are now 
being conducted with rublicr covered veneer to reduce and possibly to 
eliminate this water soakage, I)ut it is (hnibtful whether the added increase 
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in weight, with its correspondingly reduced performance, can offset the 
added cost of a duralumin hull. 

Light Airplanes. — Attention has been directed for some time past to the 
development of low-powered airplanes and numerous very small and light 
types have been devised that have flown with motorcycle and small two- 
cylinder and three-cylinder air-cooled engines. When an engine having 
just barely the power requirements for flight is used, the airplane can be 
flown only at full throttle and every last bit of ])ower the engine can pro- 
duce is demanded. Modern small airplanes arc flying with power loadings 
of about 30 horsepower and in some cases as much as 60 horsepower is 
provided. Engines in most light airplanes are greatly overloaded and do 
not provide any surplus power for emergencies. Owing to low power, the 
rate of climb is slow. Great care is needed in the design to secure adequate 
control surfaces. The structural design is extremely important as weight 
must be kept to a minimum. While calculations show that light airplanes 
may be built that will fly with as little as 10 horsepower, ])ractical experi- 
ence shows that at least 2.5 to 3 times that amount should be the miniiniim 
provided. To design a safe airj^lane that will fly with low power and 
carry two people of medium or average size calls for much study, ingenuity 
in design and considerable knowledge of the structural strength of mate- 
rials. The usual wing loading for light airplanes is from 5 to 6 pounds per 
square foot. Descriptions of some typical forms follow from which the 
reader may get an idea of the characteristics of this type. The descri])tions 
are some that have appeared in “Aviation’’ magazine, and the appearance 
of the planes may be seen at Fig. 325. 

The Short Satellite. — This is nearly aii all-metal monoplane iightplane 
with an all-duralumin fuselage of monoci ^pie construction. The wings 
are of cantilever construction with wooden s])ars, duralumin ribs and fabric 
covered. Wing flaps extend over the entire s])an and serve both as ailerons 
and as camber changing devices. The undercarriage is of the Vee ty])C 
with the front legs attached below the front wing spar root and the rear 
legs eixtending backwards to the bottom of the fuselage. The axle is of 
hinged type attached also to the bottom of the body. The engine is a twin- 
cylinder horizontally opposed A.B.C. Scorpion IT of 37 horsei)ower. The 
general details are : 


.S])an ^ it 

Lcnjrlh 23 ft. 9 in 

area . . ... h>H sq ft. 

Wei^rht loaded . . l.OM) Ih. 

Win^ loadinjj: ... ..(>4 ll)./s<i. ft. 

Power loadini? (35 hp ) ' 30.2 II). /hp. 


The Westland Woodpigeon. — This is an e(iual wing- biplane with dihe- 
dral and slight stagger and a single intcrplane bay. Wing na])s extend the 
entire length of the span of both wings and act as ailerons and camber 
changing devices. The wings fold about the trailing- si)ar. The fuselage is 
of wood construction, the longerons being of spruce stmts and swaged rod 
bracing and fabric covering. The undercarriage is of Vee type with a telc^ 
scopic front leg in which a friction damping device is fitted. The tailplane, 
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which is of normal construction, is adjustable. The engine is an A.B.C. 
Scorpion of 37 horsepower. The general details are : 

Span 27 ft. 

Length 20 ft. 9 in. 

Height 7 ft. 1 in. 

Wing area 200 sq. ft. 

The Westland Widgeon. — The fuselage and tail unit of this plane are 
almost identical with tlie similar ])arts of the Westland Woodpigeon. The 
machine is, however, a niono])lane with a high i)arasol type of semi-canti- 
lever wing. The wing is sii])i)orted at the center by a cabane of six struts 
and is braced at about one-third of the semi-span on each side by means of 
Vee struts extending upwards from a single point on the lower longeron of 
the fuselag-e to the front and rear wing spars. The wing is of peculiar plan 
form, the chord being small at the center line and widening out to the point 
of attachment of the bracing struts and then tapering steadily to the wing 
tips which are rounded. The section of the wing, likewise, is peculiar in 
that it is thin at the center line, becoming thicker gradually towards the 
bracing strut attachment, finally tapering ofif towards the wing tips. The 
wing is of Airscrew 4 section. From the aerodynamic standpoint, this 
arrangement probably gives a very efficient wing while it certainly has 
structural advantages. The Widgeon, made the fastest speed in the Gros- 
venor Cup Handicap race, the figure being 105.5 miles per hour although 
even this did not give it a i)lace in the finish since it was evidently heavily 
handica^iped. The engine now fitted is an Armstrong-Siddeley Genet. The 
general details are: 


Span 30 ft. 8 ill. 

Lciij^th 20 ft. 

Height () ft. 11 ill. 


Ryan Ml Monoplane. — This is not a light ])lanc in the sense that it has 
been designed solely for low power, but it is a good example of a practical 
machine in which good jierformance is sought. 

The wing which is 36-foot span is mounted above and directly onto the 
fuselage structure, although the peculiar cock])it arrangement, with the 
fuselage covering cutaway, gives the general ajipearance of the existance 
of center section struts. This arrangement gives the pilot and passenger a 
very clear view ahead and to each side. ' 

The fuselage is constructed of welded chrome-molybdenum steel tubing, 
protected by Lionoil and covered with fabric. No wires are needed for 
bracing purposes, the Warren truss system being employed. The tail 
surfaces are also of steel tube construction, and the stabilizer is adjustable 
from the pilot’s seat. The tail skid is constructed of vSpring leaf steel and 
is steerable, rendering ground maneuvering greatly facilitated. The under 
carriage is a normal split axle type constructed of steel tubing with a wide 
track. 

The engine mounting and engine are completely removable by taking 
out four nickle steel bolts. This makes possible the use of several differ- 
ent types of engines by simply changing the mountings, which can be done 
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in about twenty minutes. Thus, airline and air mail operators using the 
plane need not necessarily keep several planes in reserve for engine over- 
haul, since extra engines may be mounted and maintained ready for in- 
stallation at short notice with connections ready for instant attachment. 
The power plant is a Wright Whirlwind 200 horsepower radial air-cooled 
engine. 

The wing is of moderately thick section built in one piece. The spars 
are of box type with special two-ply mahogany walls with the grain run- 
ning at 45 degrees. The leading edge is reinforced with plywood. The 
wing is braced with two struts of streamline steel tubing on each side of the 



Fig. 326. — Views Showing Construction of the Kreider-Reisner Light Monoplane. 

fuselage, supporting the wing at points approximately one-half the semi- 
span from the wing tips. The streamline strut section is that of an airfoil. 
In actual test, the Kyan Ml has carried a pay-load of ^>44 pounds off the 
ground with a run of 300 feet, climbed 2,000 feet in 2 minutes and attained 
a maximum speed of 135 miles j^er hour. This monoplane, in a modified 
form having a greater wing sjiread Avas the first to make the flight from 
New York to Paris, piloted by Captain Charles Lindbergh on May 20th 
and 21st, 1927. While the plane was designed for a Whirlwind engine, an 
0X5 has been fitted and also a brispano-Sniza of 150 horsepower. The per- 
formance is given in the following table : 
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PERFORMANCE OF RYAN M-1 WITH WHIRLWIND, 200 hp. 


Pay-load 

Cruising speed 

High speed 

Landing speed .... 
Initial rate of clinih 
Climb in 10 min. . . . 
Climb in 39 min. . . 
Absolute ceiling . . 
Cruising range .... 


600 lb. 

115 m.p.h. at 1500 r.p.m. 
135 m.p.h. at 1800 r.p.m. 

45 m.p.h. 

1,200 ft. first minute 

9.000 ft. 

17,500 ft. — (service ceiling) 

19.000 ft. 

500 miles 


K.R.A. Light Monoplane. — Thi.s interesting machine is the product of 
the Kreider-Reisner Aircraft Company, of TTagerstown, Md. It is a low 
wing monojilane of very good design. The views at Ing. 326 show the gen- 
eral features of construction. The* specifications follow: 


Span 20 ft. 

Wing Area (including Aileron and Axle Airfoil) PO sq. ft. 

Area of Ailerons 6 sq. ft. 

Area of One Piece Longitudinal Tail Surface 10 si), ft. 

Area of One Piece Vertical Tail Surface s(|. ft. 

Angle of Incidence 3^/{> degrees 

Airfoil Section M6 

Propeller (Curtiss Peed Alct.il) 5' diani. 

Engine — Wright-Moorehouse 30 hp. at 2500 r.p.m. 

Wing Chord at Root 4' 

Wing Chord at Tip 2' 

Length Overall 15' 2" 

fleight Overall 4' 6" 

Weight Empty 289 Ihs. 

Weight \\ilh Gas and Oil for Races 320 lbs. 

Weight of Pih^t 170 11)S. 

Total Weight in Race 490 lbs. 

Landing Speed *48 m.p.h. 

High .Speed 112 m.p.h. 


Pander (Dutch) Light Plane. — This very efficient light airplane has 
made several good cross country flights, among which was one from Rotter- 
dam, Holland to Barcelona, Spain. Its appearance is given in perspective 
and plan drawings at Fig. 327. This machine is a high wing cantilever 
monoplane. Great pains have been taken with the streamlining and the 
good performance achieved with such low power is very largely due to this. 
The wing is in one piece and rests on ihe top longerons, each spar being 
secured by long U-bolts carrying yokes a1)ove the spar. The spars are of 
box section, with spruce flanges and three-j)ly walls. The front spar is of 
somewhat unusual arrangement and forms a box with the plywood cover- 
ing of the leading edge. The curved wing tip is fairly thick, and is built 
up of a great number of laminations afterward spindled out to an approxi- 
mately semi-circular section. 

The machine is ])owcred with an Anzani three-cylinder, 122 cubic inch, 
25 horsepower engine. The fuel tanks are in the wings and the gasoline 
supply is by gravity. The landing gear is of the axleless type. The wheels 
are carried at the ends of two streamline steel tubing Vees attached to the 
upper longerons at the same point as the spars and another member running 
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to the center of the bottom of the fuselage. The tail skid is sprung and is 
steerable. The fuselage is a inonocoque, consisting of light longerons and 
hoops with a three-ply covering. Actually the fuselage is flat sided, but the 
turtle back and bottom fairings merge into it so gradually that the im- 
pression is given that it is elliptical. The pilots cockpit is placed between 
the wing spars, the curved coaming being i)lacccl around the cockpit after 
the wing is in place. Stick control is provided and in place of the rudder 
bar there are two tubular ])edals with heel rests and toe guards. 



Fig. 327. — Perspective Drawing, Plan and Elevations of Pander Single Seat Monoplane. 


SJ^FCIFTCATTONS 


Lenf?th 

Height 

Span 

Area 

Weij^ht, empty 
Weight, fuel . . 
Weight, i)il()t . . 
Total weight .. 
Winp lorulinjjf . 
I’ower loading . 
Maxim uni speed 
Minimum speed 


Id ft. 3 in. 

5 ft. 5 in. 

2d ft. 3 in. 

116 sq. ft. 

420 Ih. 

05 Ih. 

165 11). 

680 lb. 

5.85 Ih./sii. 

27.2 II) /lip. 

75 mi./hr. 

31 mi /hr. 


ft. 


Medium Weight Planes. — While it is not jxissihlc in a book of this scope 
to describe all airjilanes that have been built, it seems (lesiral)le to describe 
and give the specifications of typical examples. By far the greatest num- 
ber of airplanes built arc in the medium weight class designed to carry 
from two to five ])assengers and using engines of from 100 to 200 horse- 
power. Of course, the airplanes used in the military service.s are provided 
with high-powered engines because exceptional jierformance is demanded. 
For commercial use, however, such speed and climb characteristics as arc 
essential in military specifications may be replaced by more moderate 
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speeds and the use of the relatively low-])owered engines makes for eco^* 
nomical maintenance and operation. Steel tube fuselages are used in many 
of these types, but there is a wide variation in practice between different 
designers as to wing and horsepower loadings. The wdng loading varies 
from 6 to 10 pounds per square foot, the horsepower loading will average 
approximately 20 pounds j)er horsepower. The characteristics of some 
single-engine types will now be described. 



Fig. 328. — Harold F. Pitcairn and the Growing Biplane with Curtiss OXX5 Motor of 
his Design in which he Completed the 1926 Airplane Reliability Tour 
at A. The Pitcairn Fleetwing shown at B. 

Pitcairn Growing. — 'Phis l)i])lane machine, Axhich is shown at Fig. 328 A 
is said to have good inherent stability and to react readily to the controls. 
The maximum fl} ing speed is not high, but is ample for the purpose for 
which the airplane is intended, the 0X5 motor is used for power. The fly- 
ing speed is a maximum of 90 miles per hour, the cruising speed is 78 miles 
per hour and the landing si)eed is 40 miles per hour which makes this air- 
plane a very good training ship and for general civilian flying. Dual con- 
trol is standard equipment. Owing to the location of the passenger cockpit the 
longititdinal balance of the ship is not affected hy varying load, this reducing the 
strain on the pilot. Eaxu at stall speed, enough aileron surface has been pro- 
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vided to permit accurate control. A carefully considered design has pro- 
vided for the ready removal of elements that need periodical attention. The 
tail skid is removable by pulling one bolt, and bronze bushings for the tail 
skid post may be easily replaced when worn. The tail skid shock absorber 
unit is also removable independently by taking out one bolt. Gasoline 
tanks can be quickly released, and may be removed without disturbing the 
cowling. The cowling is quickly detachable, and when it is removed the 
mechanic has unobstructed access to all parts of the motor. 


SPECIFICATIONS, PITCAIRN GROWING 


Span, upper wiiif' 

Span, lower wiii#,^ 

Chord, both w'ings 

Gap 

Stagger 

Incidence, both wings 

Dihedral, both wings 

Length overall 

Height overall 

M^eight empty 

Useful load 

I’assengers 

Th'Iot 

Gasoline 

Oil 

Water 

Weight loaded 

Area of wings 

Area of horizontal tail 

Area of vertical tail 

Power 

Wing loading 

Power loading 

Wing section 


. 36 ft. 

.35 ft. 11^ in. 

. 60 in. 

.(Aji in. 

. 14.)4 in. 

. deg, 

. V/j deg. 

. 26 ft. 2 in. 

.9 ft. 2^ in. 

. 1345 lbs. 

. 755 lbs. 

. 340 lbs. 

.170 lbs. 

. 180 lbs. 

..32 Ihs. 

.33 lbs. 

.2100 lbs. 

. 338.37 s(i. ft. 

. 33 sej: ft. 

. 1 3 sq. ft. 

.90 h]). at 1400 r.p.m. 
. 6 2 lbs. per s(i. ft. 

. 23 2 Ihs. i)er hp. 

. ALulified RAF-15 


The Pitcairn Fleetwing. — A.s originally conceived, the Pitcairn Fleet- 
vs^ing the latest model of which is yhown at Fig. 328 B was to be used for 
the sole purpose of carrying passengers on short flights. While this ])ur- 
pose has been kept foremost in the minds of the designers, it was also 
deemed advisable to fit the plane to be used as a short radius cross country 
machine for carrying passengers, express or mail. Where the latter pur- 
pose could be incorporated without ^sacrificing the ])rimary object, it was 
done, and the P'lectwing is serviceable for short hops from the flying field 
for cross country flights of 314 hour duration with four jiassengers. By 
removing the two passenger seats a cargo space of 32 cubic feet is made 
available, which will contain ap])roximateIy 200 pounds of ])arcel ]K)st 
matter or 800 pounds of letter mail. It is believed that the Fleetwing is 
the only plane built for the sole pur])osc of carrying out 15 or 20 minute 
hops with passengers, and incorporated in the design are the features of a 
quick take-off, rajiid cHnil), and slow landing speed, without making high 
speed the primary consideration as is frequently the case. 

The fuselage proper, without cowling, is of trapezoidal section, the 
longer of the tw^o parellel sides being at the top. This allows am])le room 
across the shoulders of the passengers and for their feet and, at the same 
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time, maintains cross-sectional area as low as possilJe. Tlic section of the 
fuselage top fairing is flat-sided, giving good vision and easier installation 
of windshields than would he the case in a curved fairing. For case of con- 
trol on the ground a steerable tail skid is installed and is operated in con- 
junction with the rudder. 

The wing structure is of the single-hay biplane type with a pronounced 
stagger. The U])per and lower ])anels on any one side of the i)lane are made 
identical, with the exception of the strut and wire fittings, arrangements 
being made for reversal of these. 1"he wings are of wood construction with 
I-section sjiars of sjiruce and lattice nbs of sjnnicc and plywood. C^nnjires- 
sion ribs and sidewalk ribs are of box section Avith sjirucc cap strijis and 
plywood webs. Two box ribs, wn'th a pl}wvood cover jilate, are inserted at 
the intcrplane strut jioint. The use of box ribs tends to make the jianels 
tortionally very rigid. 

The center section ])ane] is of construction along similar lines to the 
outer panels and contains a 15 gallon gasoline tank. This tank is on one 
side of the fore-and-aft center line and proxision is made for the installation 
of another tank opposite. 

The wn'ng struts arc of circular section steel tubing with spruce fairing, 
but it is planned to iisc' streamline duralumin tubing for these jiarts as soon 
as it can be procured from the manufacturers. All of the intcrplane struts, 
with the exce])tion of the middle strut of the N, which fixes the gaj>, can be 
adjusted xvithout being removed from the jilane, thus shortening, to an 
ap])reciable extent, the time requir(*(l to complete the rigging. Streamline 
wires arc used throughout, the flying wires lieing double and the landing 
wdres, single. Two of the flying wires are ctosscmI to take care of the drag 
and anti-drag forces in flight. Rigging details of lh(‘ xN'ings are as follows: 
the upper wing is set at an angle of incidence of IJ^ degre(‘s and the lower 
Aving at y 2 degree, giving an o])en dccalage of 1 degree. The tips are 
Avashed-out to reduce an}' yawing tendency. 

The ailerons, which are unbalanced and identical on each side of the 
])lane, are hinged directly to the rear stiar. I'he aileron beam is of box sec- 
tion Avith s])ruce Avebs and jilywood co\ er ])lates, the hinge eyebolts jiassing 
through both beams with a spacer spool between the webs. Aileron con- 
trol caliles are enclosed and run through the wings in alnmimun tubing to 
facilitate replacement. Fall bearing ])ulleys are used in the control system. 

(iENKRAL CJlARACl'KKiS'J'lCS 

'fhe Icatiircs nf tlic iii.'U'liiiic arc hillowii: 


Span, iiiiper winj^ ,>8 ft. 

Span, lower win^ 33 ft. 1 in. 

Chord, both Avinp:s n2 in. 

Gap () ft. at center 

Staf^^er 25 in. 

Incidence, ni)per xvini^s deg. 

Incidence, hiwcr wing deg. 

Dihedral, upper wing 0 deg. 

Dihedral, lower wing 2 de^ 

Length overall 25 ft. 11 in. 

Height overall h ft. 10 in. 



627 


MODERN AIRSHIPS AND AIRPLANES 


Weight, empty 

Useful load 

Passengers 

Pilot /. 

Gasoline 

Oil 

Water 

Weight loaded 

Area of wings 

Area of horizontal tail 
Area of vertical tail . . 

Power 

Wing loading 

JV)wer loading 

Wing section 


.1802 lb. 

.1110 11). 

.610 11 ). 

.160 lb. 

.210 lb. 

, 40 11). 

.f)0 11). 

.2012 lb. 

350.67 sq. ft. 

30.63 s(i. ft. 

15.32 .sq. ft 

160 hp at 1750 r.p.in. 

8 3 Ib./hp. 

18 1 Ib./lq). 

U.SA.27 


r»ERF()RMANCK 

(Certified by National Aeronautical Assn.) 

Light with pilot, oil, water and 32 gals, gasoline and without passengers: 


Maxinnnn speed at ground 100.8 m h. 

Ceiling 15,886 ft. 

T.oaded, with pilcg, oil, water, 32 gals, gasoline and with 700 lbs. of sand: 
(Potal weight 2061 lb.) 

Araxiniuni sjjeed at ground 106.2 in p.h. 

Ceiling 12,145 ft. 


The Buhl-Verville CW3. — Tlii.s i.s a very efficient and serviceable bi- 
plane that can be used for ])asseng^er carrying:, express service, aerial pho- 
tograiihy, cro]) dusting: and training:. The wing: cellule is of the l>ii)lane 
tyi)C, without stag'.ger and the wii.g:s may he folded hack, as shown at Fig. 
329 so the machine will occn])y minimum lian.g-ar s])ace. When folded, the 
s])ace required is but 9 feet l)y 13j/j feet by 25 feet. The wing's can be 
folded hack in tnclxe to fifteen mimites. When extended, the sj^an is 35 
feet. The fuselage is of tubular steel construction welded into an intcg:ral 
structure, the lulling being an ordinary grade that can he easily secured on 
the open market. Two cock])i(s are ^movided, the forward one is for the 
])assengers and ^vill accommodate two i)eo])le sitting side by side. The 
stabilizer is adjustable as is the vertical fin which may be set to counteract 
pro])eller torcjue reaction. 

One of the most interesting features of this ])lane is the wide track axle- 
less landing gear. This not only reduces the resistance which is ])rescnt in 
an ordinary axle tyjie ^^hen taking off, due to high grass, hut also lessens 
the possible chance of accident when landing on rough ground. The wide 
track furthermore, reduces the ])()ssil)ility of a wing ti]) becoming damaged 
in a ])oor landing. Shocb absorbers are of the Oleo tubber disc ty])e. Un- 
der loading conditions, these rnliber discs are in com])r(‘ssion and an in- 
ternal jierforated ])lnnger ])istf)n simultaneously travels into a loaded oil 
chamber at the lower end of the strut. Tin’s absorbs the impact energy 
and neutralizes the effect of the rebound which is so jirevalent with the ordi- 
nary rnbhcr sjirung shock absorbers. It cushions the landing shocks to the 
extent of saving the whole airplane structure from the strains which are 
occasioned by shocks in bad landings over rough gn)und. 
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The CW'3, as illustrated, is equipped with a 90 horsepower Curtiss 0X5 
engine, cowled under a quickly detachable cowling. A 40 gallon gasoline 
tank, sufficient for five hours flight, is situated immediately back of the en- 
gine. in the fuselage and ahead of the passenger cockpit. The gasoline sys- 
tem is of the gravity feed type. The oil, in the case of the 0X5 model, is 
carried in the bottom half of the engine crankcase. The radiator is located 
immediately under the engine, and is of the underslung type. It is provided 
with shutters which are manually operated by the pilot in flight. A Reed 
duralumin propeller is fitted. 


Curfts^ -Reed 

/ Propeller Biplane Win<j Sfruefure m place 



Fig. 329. — Views Showing Buhl-Verville Airster, a Three Place Biplane of Modern 
Design. Upper View Shows Front with Wing Cellules in Place for Flying, Lower 
View Depicts Wings Folded Back for Storage in Small Hangar. 

The design of this nnichinc incorporates high factors of safety and is, 
generally speaking, in accordance with the demands of the Aeronautical 
Safety Code. The minimum factors of safety to Avhich the machine was 
designed are as follows : 


High incidence condition vS 

Low incidence condition 

Inverted flight condition 

Landing condition 7 

Ribs, in medium incidence ctnidition 6)4 

Height of free drop of shock absorbing unit and 

landing gear 26 in. 

Loads for ailerons and horizontal tail surfaces 35 Ih./sq. ft. 

Loafls for vertical tail surfaces 30 Ib./sq. ft. 
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SPECIFICATIONS 

The main characteristics of the airplane are as follows : 


Span, maximum 35 ft. 

Length, maximum 25 ft. 

Overall width with wings folded 13^2 ft. 

Height, maximum 9 ft. 

Area of wings 300 sq, ft. 

Area of ailerons 28 s(i. ft. 

Area of stabilizer 21 sq. ft. 

Area of elevators I 6 J /2 sq. ft. 

Area of fin 5 ^ s(|. ft. 

Area of rudder sq. ft. 

With 0X5 engine installation : 

Weight empty 1380 lb. 

Weight fully loaded 2150 lb. 

Endurance at full throttle 5 hr. 

High speed 95 m.p.h. 

Low speed 40 m.p.h. 

With Wright Whirlwind (200 horsepower) engine installation: 

Weight eini)ty 1415 Ib. 

Weight fuliv loaaled 2300 lb. 

Endurance at full ♦hrottic 3 ^ hr. 

High speed 133 m.p.h. 

Low' speed 45 m.]).h. 

Rate of climb al giamnd level 900 fl./min.^ 



Fig. 330. — Fokker Universal Monoplane Used by Western Canada Airways, Ltd., 
is a Cabin Type Capable of Carrying a Pilot, Four Passengers and 80 Pounds of 
Baggage for 500 Miles on One Filling of Fuel Tanks. 

Fokker Universal Type. — The monoplane shown at Fig. 330 is a calDin 
type that can be n.sed for many ])urposes as it can be mounted on wheels, 
as shown or on pontoons for alighting on water and skis for snow and ice. 
It will carry a pilot, four passengers and 80 pounds of baggage 600 miles or 
a pilot and six i)asscngcrs for 300 miles. Tt can be used for ph()togra])hy, 
surveying and ma])ping. It will carry a pilot, photographer and equipment 
for seven hours with a ceiling 16,000 feet. It has been u.scd for crop dusting, 
forest fire patrol, prospecting, exploring and freight and passenger trans- 
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portation. The wings are of semi-cantilever form, built in one piece that 
is 47 feet long and is a wood rib construction covered with veneer instead 
of fabric. If desired, the wing may be made in two pieces. The fuselage is 
of steel tubing. Two fuel tanks have a total capacity of 78 gallons and 
there are two entirely separate ])ipe lines, provided with shut-off cocks 
within reach of the pilot. The pilot’s compartment is of the open cockpit 
type. 

Both in flying qualities and in structure, maximum safety is assured. 
The “Universal” does not nose dive or spin when stalled, but sinks on an 
even keel, while remaining under full control. Response to all controls at 
all speeds is instantaneous. Heavy triangulated steel structure around the 
cockpit and cabin provides maximum resistance against collapse, together 
with impossibility of s])lintering ; quick take-off, good climb and low land- 
ingsj)ecd, exceptionally strotig landing gear, with 10-foot track, high factors 
of safety throughout and complete freedom from fire hazard are further 
safety features. 

In view of the numerous different commercial ])ur])oses for which an 
airplane of this type, size, and performance can be used, the fuselage has 
been laid out so as to provide the maximum unobstructed cabin sjnice, 
which can l)e divided into ])asscnger and freight or baggage com])artments, 
according to individual requirements. As standard equi])ment, four com- 
fortable passenger seats, with ]denty of “leg” room, are fittt'd in the for- 
ward part of the cabin, behind which ample baggage si)acc is left. If de- 
sired, however, two more scats can be fitted in this space, or a part of it 
can be equipjicd as a lavatory and toilet. 

The standard interior finish is simple but neat, being ]>artly carried out 
in imitation leather and partly in Duco finished fabric, reinforced with 
veneer where necessary. These materials are easily cleaned and renovpted. 
They also permit easy stripping for insjioction and overhauls without de- 
struction. The proportions of the cabin lend themselves excellently to con- 
version as an ambulance plane. With this arrangement, two or three 
stretchers and seats for two attendants can be installed. For carrying mail 
or express, and, Avhen sjiecified, the whole or any \Kiri of the cabin space 
can be completely walled Avith heavy veneer or metal. Sliding windows 
of amj^le size are provided. The door is of convenient size b'lr entry by 
one step from the ground. It is solidly built and will stand up under the 
slamming and blowing Avhich is inevitable in hard commercial use. The 
inside dimensions of the cabin and baggage s])ace are ^ feet length, and 3 
feet, 5 inches width, while the height varies from 5 feet, 6 inches at the 
front end to 4 feet, 6 inches at the rear of the baggage s])ace. The total 
available load space is 146 cubic feet. A cabin heater, taking in clean air 
heated by the exhaust pipe, can be installed when desired. 

In the Fokker “Universal” plane the most iicrfect vision for the pilot is 
provided. Seated ahead of the leading edge of the wing, the forward, 
right and left, overhead, dowiwvard, and rear visions are entirely unob- 
structed. To the rear of each side, under the Avings, the vision also extends 
back over a capacious angle. The cockpit is well screened, comfortable, 
and roomy. It is well i)rotcctcd by the steel structure, and in case of 
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“nosing over*’ the pilot’s head is protected by the wing and fuselage struc- 
ture and the engine. An emergency exit is provided. 

Stick control and rudder pedals of the straight pull swinging type are 
fitted. All pulleys are directly visible. The only control cables running 
•over pulleys at a 90 degree angle are those to the ailerons. Rudder, tail 
skid, and elevator cal)les (uily run over one bakelite pulley each, and at 
very “flat” angles. The controls all work very lightly, both mechanically 
and in the air. The instruments are set in the usual type of dash in front 
of the pilot. The standard equipment furnished with every plane includes: 
tachometer, oil pressure gauge, oil thermometer and altimeter. There is 
ample room for comjiass, 1)ank and turn indicator, and airspeed indicator, 
which arc fitted as extras according to individual reejuirements. 

By means of a simple and positive screw gear of substantially the vSame 
design as has been used on a number of the latest tyi)es of Fokker aircraft, 
the incidence of tlie sta])ilizer is adjustable from the ])ilot’s seat. 

The rudder and elevator are balanced and very effective at all speeds, 
even below the stalling sjieed. 

The most recent dc\eloi)ment of the Fokker steerable tail skid is fitted. 
Idiis skid arrangement has given full satisfaction on the five latest types of 
I'okker military and commercial aircraft. The skid is made of chrome 
nickel steel tube and is ])ractically unbreakable. It has a detachable shoe, 
consisting of a simple manganese steel casting, which is held in ])lacc by 
two bolts. The shock absorbers are rubber rings, easily slipj^ed into place 
under no tension, and tightened by turning a nut. 

The method of/teering is novel, and the movement, although very effec- 
tive, is “irreversible.” ddie result is that there is no tendency to involuntary 
“ground looping” and taxiing in a cross wind is perfectly easy. 


srKc ir'K^A rioN'S 

Sp.'in.,.. 47 foci I.oni;lIi ... feel 1 . . . . 8 fert 

TTsrfnl T.c.'id. 

IMlol 180 ll)s. 

Pay-load (iH)rnial (Mrcunislancos, for <|in(lv tako-t)lf) 800 lbs. 

I'tud (80 ^vallons) and ( )d ( callous) lor lanirs al ‘^IX'cd.... 520 lbs. 

Tot.d useful load 1,500 lbs. 

Performance with I’ull Load 

lliKb speeil IIH m.p.h. 

Criiisintj: speed (1,500 r.i> ni . 115 bp ) 95 m.p.b. 

T.aiidiiij.^ si)eed . . . 42 m.p.h. 

riimb —3,300 feet min 10,000 feet 21 min. 

6,500 feet 1- niin. Oilinj^^ 14,000 feet 


Wright-Bellanca Monoplane. — This cabin i)lane, which is shown at Fig. 
3.31 made an endurance record in A[)ril 1927 by remaining in the air over 
Long Island for 51 hours and 31 minutes, j)iloted by Messrs. Bert Acosta 
and Clarence Chamberlin, ddiis performance was made possible because 
the plane performs exceptionally well with low power. 
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In the design of the airplane, every provision has been made for maxi- 
mum safety, including low landing speed, perfect vision, elimination as far 
as possible of the fire hazard, exceptionally long gliding angle of 12}^ to i, 
and excellent controllability at low speed. With the high position of the 
wing and the wide wheel tread, landing on rough ground is greatly simpli- 
fied. The high speed of the Wright-lkdlanca plane is 132 miles per hour, 
while it cruises comfortably at 100 miles per hour. The initial rate of climb 
is 900 feet which, even with full load, should enable quick climb from small 
fields. The plane seats five ])assengers comfortably and, if necessary, one 
more passenger may be carried in lieu of baggage. For express and mail 
carrying, a large cal)in si)ace of 122 cubic feet gives good cargo room. 

The fuselage was made in three sections. The use of highly complicated 
fitfings has been avoided as far as possible throughout the entire design. 
The engine mount is a tubular steel construction hinged to the fuselage, 
enabling it to be readily swung to one side for inspection purposes and ad- 
justments necessary to the rear ])arts of the engine. The lubricating sys- 
tem is arranged with the oil tank carried in the engine mount so that oil 
connections need not be dislodged in the event of engine adjustments being 
necessary. 



Fig. 331. — Three-Quarter Front and Side Views of the Wright-Bellanca Cabin Mono- 
plane. Note Stream Lining of Wheels and Bracing Struts. Attention is Directed to 
Complete Enclosure for Pilot as Well as Passengers. 


The fuel system, for simplicit) , is (d the straight gravity feed type with 
the fuel tanks in the wing, feeding directly to the engine and equipped with 
a quick shut-off valve. Incidentally it may be mentioned that in the Wright 
Whirlwind engine, the carburetor is below the lower cylinders and in this 
particular airplane design the carburetor is carried outside the engine 
cowling, which, in spite of possible minor disadvantages, possesses the 
added feature of aiming towards the reduction of fire hazard. 

The wing construction is simple and conventional. The two spars are 
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spruce and of solid I-beam section. The ribs are also spruce, bass-wood 
and balsa, with triangular braces, making a very strong and light combina- 
tion. This type of rib was tested to over 800 ])oiinds before breaking. For 
a load factor of 7, only 375 pounds test load is required. Their weight is 
T2 ounces each. All the ribs are the same, with exception of one, at the 
tips, which is tapered. The covering of the wing is fabric, treated with 
seven coats of dope and one of Valspar. The wings arc pin jointed to 
center section of fuselage. 

The Bellanca Struts are of medium lift, aerofoil section, and the inner 
ends of these struts are attached to the body and the outer ends, to the 
cantilever points of the main wing spars, taking at the same time, the land- 
ing and the flying loads. Their lifting capacity is enough to carry more 
than their own weight, with the additional advantage of assisting effec- 
tively, the lateral balance of the plane, through their exaggerated dihedral. 
The load factor of the Ikdlanca struts is 12. They are made of straight 
grained birch, T-bcam section and of spruce and bass-wood ribs. The lead- 
ing edges are made of grooved balsa, ])rotected by spruce and the cover- 
ing is fabric, also treated with seven coats of dope and one coat of Valspar. 

The power plant, the cabin and the tail are three complete separate 
units, which can l)e readily sei)arated, one from the other, thus making it 
])ossil)1e to re])lace any one of them. The engine mount weighs only 
])ounds and between it and the motor is a duralumin fire-wall, which carries 
the cowl of the engine. The engine mounting, engine, oil tank and the 
cowl, form a complete unit, which can be quickly detached from the fusel- 
age by removing 4 i)!ns. Ry rcimwing two i)ins and disconnecting’throttle, 
spark and fuel line, the engine can be swung back on a hinge. The fuel 
tanks are welded sheet aluminum, located one in each inner extremity of 
the main wings with a total capacity of 63 gal. The gasoline and the gauge 
lines are of cop]x?r tubing and are located to be easily accessible. With the 
oil tank in the engine section, gravity fuel feed, and no water, the plumbing 
is minimized. 

The center section of the fuselage is built with ash longerons and bulk- 
heads, covered with mahogany plywood and is upholstered in mohair, while 
the tail section is made of welded chrome molybdenum tubing and is at- 
tached to the cabin section by 4 pins. The tail skid is of birch and is located 
entirely outside of tln^ body and can be easily attached and detached while 
the shock absorber is also outside. 

'Fhere are nine windows in the cabin, three large and one small on 
each side and one large one in the front, giving- the ])ilot, as well as the 
passengers, excellent vision. The landing gear is of cantilever construction, 
somewhat novel in appearance, and is built of durahiinin and chrome 
molybdenum tubing. It is completely enclosed in a streamline duralumin 
covering. Its resistance, as a result of the fairing, is claimed to be much 
less than the ordinary type of landing gear. The shock absorbers are readily 
rewound, being accessible in si)ite of the unusual undercarriage construc- 
tion. The stalnlizcr is a non-lifting section and adjustable in flight. All 
the tail units are constructed of spruce, bass-wood and ash, and covered 
with fabric, doped and varnished. 
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SPECIFICATIONS 


Span 45 ft. Wing Area... 

Chord 6 ft. 7 in. Fuel capacity 

Length 24 ft, 9 in. Oil 

Height 8 ft. 5 in. Weight empty 


Weight with gasoline, oil and pilot 

Weight including pay-load of five passengers 

Weight of pay-load 

Weight per hp. with gasoline, oil and pilot 

Weight per hp. with pilot and 850 lb. pay-load.. 
Weight per sq. ft. with gasoline, oil and pilot... 
Weight per sq. ft. with pilot and 850 lb. pay-load 


272 sq. ft 
— 63 gal. 
...5^ gal. 
.1,790 lbs. 
..2,380 lbs. 

, . .3,230 lbs. 
. . 850 lbs. 
. . 11.9 lbs. 
. 16.1 lbs. 
. . 8.75 lbs. 
. 11.8 lbs. 


The successful flight of Clarence D. Chamberlin and Charles A. Levine 
in a Wrig-ht-Bcllanca monoplane, Columbia, from New York to l^erlin, 
Germany, following closely upon the notable flight of Captain, now Colonel 
Charles Lindbergh from New York to Paris, France was a remarkable one 
in that it just added one more honor to an air])lane that had already made 
some previous records of note and which had a flying time of over 200 hours 
in the air before it took ofif on its 3,000 mile trip across the Atlantic. The 
Spirit of St. Louis, the plane piloted by T.indbcrgh docs not dififer in essen- 
tials of design and used the same type air-cooled motor as was used by 
the Wright-Rellanca, a design which antedated that of the Ryan monoplane 
by several years. 

This monoplane, built to Mr. Piellanca’s design by the Wright Aero- 
nautical Corporation in 1026 and powered Avith a Wright “Whirlwind,” 
nine-cylinder, air-cooled, radial engine, is the same ])lane used by Cham- 
berlin and Bertrand B. Acosta in setting up a new endurance record in 
April, 1927, it is the same ])lanc wdiich won first sjieed and efficiency honors 
at the National Air Races in Philadelphia in the fall of 1026 and a plane of 
the same type won the highest efficiency ])rize for commercial planes at the 
National Air Races at Mitchel Field in 1925. 

The New York-Berlin plane is not an experimental design in any way. 
Early this year it Avas emjiloyed in a trial trip from New York to Washing- 
ton carrying a full load of five passengers and the pilot h>r the pur])ose of 
obtaining relati\x cost-of-o])eration figures, Avhich were surjirisingly low. 
The only change Avhich Avas made in the plane for the trans-Atlantic trip 
was installing extra fuel tanks in the cabin to re])lacc the chairs ordinarily 
located there and the addition of the* necessary instruments for the long 
voyage. The Aving construction of the ])lane is conventional and the Avings 
are braced externally by the Avcll-knoAvn P>ellanca struts, two on each side, 
whose lift not only more than compensate for their weight but A\dAose 
marked dihedral adds considerably to the lateral stability of the plane. 
The fuselage is constructed in three sections made up of chrome-molyb- 
denum steel tubing. Vision is exceptionally good because of the high 
placed wings and the Installation of windows all around the cabin. Total 
cabin space is 140 cubic feet, which provides ample room for five passengers 
or mail freight transport. 

General details of the plane as originally built for commercial service 
and as used on the New York-Berlin flight are: 
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Span 46 ft. 6 in. 

Length 26 ft. 9 in. 

Height 8 ft. 9 in. (With landing gear) 

Wing chord 6 ft. 7 in. 

Weight empty 1,850 lb. 

’Weight loaded 3,454 lb. Std. 5,400 lb. New York-Berlin 

Weight per hp 17.2 lb. 27 lb. New York-Berlin 

High speed 130 m.p.h. 

Cruising speed 110 m.p.h. 

Landing speed 47 m.p.h. 


The Wright J-SC Whirlwind engine employed in the plane has partici- 
pated in all the honors which fell to the Bellanca plane prior to its latest 
exi>loil and, in addition, was the same type engine used by Capt. Charles 
Lindbergh on his New York-Paris flight. 

Chamberlin is credited unofficially with a non-stop flight of approxi- 
mately 3,W5 miles, this being the estimated distance over his course from 
New York to Eisleben, about 110 miles southwest of Berlin, where he made 
his first landing after taking oflf from Roosevelt Field 42 hours before. 
Cajjt. Tfindbergh covered 3,610 miles on his historic trip from New York to 
Paris. Cham1)crliids average speed on the basis of his estimated mileage 
and time in the air was about 93 miles ])er hour, as compared to Lindbergh’s 
108 miles per hour. 

Curtiss Carrier Pigeon. — While most of the activities of the Curtiss 
Aeroplane and Motor Com])any are in connection with government con- 
tracts, various ty])es of airplanes ada])ted for commercial purposes have 
been constructed l)y this firm. "Ilie Carrier Pigeon, which is clearly illus- 
trated in one of the preceding cha])ters at P^ig. 42 is a mail or freight air- 
])lane of large ca])acity. 

It is a bi])lane having an exceedingly deep body which carries half a ton 
ot mail (40,000 letters) or parcel ])Ost or express ])ackages. Using the same 
])ower i)lant, it carries, at a decreased expense and an increased speed, twice 
the load carried by tlie DIf Air Mail ])lanes. 

''Fhe wings of the airplane are of wood and steel construction, fabric 
covered. The upper and the lower wings are so designed that they are 
interchangeable, no center wing section being required. The wing beams 
arc of solid routed spruce, with no glued joints to deteriorate. The ribs 
are of Warren truss design, giving a tested strength well over the maxi- 
mum required in the airplane. The factor of safety of the wing structure 
averages 25 per cent over that required in the design. Not only have the 
main structural members of the wings been carefully analyzed for strength 
but also every detail fitting and bolt. This is also true, of course, of all 
other parts of the structure. Sidewalk panels of ample size are provided 
on the wings for use in servicing the machine and in handling the mail. 

The tail surfaces have the same general shape and arc similar in con- 
struction to the wings. All control surfaces are of such a size as to insure 
adequate control at all speeds. The factor of safety in the tail, owing to the 
thick tail surfaces, is unusually high, being, in some cases, over three times 
that required. The rudder, elevators and ailerons are identical, being inter- 
changeable one with the other, thus reducing the number of spares to a 
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minimum. The right and the left stabilizer are interchangeable, as are the 
ribs in both the fin and stabilizer. 

The fuselage frame and the engine mount are coiivStructed of welded 
steel tubing, using a Warren truss construction, dispensing with the usual 
wires which require periodical adjustment. The mail compartment is lo- 
cated on the center of gravity of the airplane, thus insuring proper balance 
at any mail load. The mail compartment is accessible from the side as well 
as from the top by means of hinged doors of such size as to admit very 
bulky packages. Loading and unloading of mail is facilitated to a high 
degree. 

Special attention has been paid to the design of the landing gear and 
tail skid. The former uses the rubber “doughnut” type of shock absorbing 
medium employed on the PW8 pursuit planes. The danger of the axle 
fouling brush, hay, snow, etc., is, of course, reduced to nothing with the 
axleless landing gear, wheels are large and the tail skid ])roper is a 

large, high tensile steel tube. Jt is steerable and sprung, to give the easiest 
possible shock absorbing qualities. 

The engine is the Liberty XII with all latest improvements. The gaso- 
line tank, located under the mail compartment and also faired into the fuse- 
lage lines, is dropable in flight, an insurance against fire in case of an im- 
minent crash. 

The ])ilot\s seat is made especially for use with a parachute and, in addi- 
tion, is shaped to fit the ])ilot\s body. It is adjustable to accommodate dif- 
ferent pilots and arm rests, made adjustable, are installed for the comfort 
of the pilot. The rudder control is by means of ])edals with swiveling foot 
rests, while the control column can be instantly changed to either stick 
or wheel control, to suit the convenience of the ])ilot. The aileron control 
is of the “differential” ty[)e, insuring adecjuate control even near stalling 
speed. The ailerons also are s(» lined that each side is an independent unit. 

(llARACTERrS^riCS 


Length, overall 

Si)aii, ovc'rall 41 '-11" 

Height, overall 12'-1" 

Engine Liberty 12 

Ilorsei) 0 \v(T 400 at 17 r.i).iii. 

Weight empty ,^208 lbs. 

Useful load 1856 lbs. 

Cross weight : 5064 lbs. 

High speed (sea level) 128 in.p.b. 

Landing speed 51.7 ni.j).h. 

Service ceiling 15200 ft. 

Absolute ceiling 16700 ft. 

Range (cruising s])ee(l) 500 miles 


Curtiss “Falcon” Observation Plane. — The designs of airplanes that 
have been built by constructors having the facilities of the Curtiss Aero- 
plane and Motor Company are ,so numerous that a special treatise could be 
written on the types developed ]>y that one firm alone as these range from 
small racing airplanes of about 20 feet spread to large bombers with twin 
engines having nearly 100 feet sj)an. The Curtiss engineers have designed 
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Rate of climb (sea level).. 1725 ft./min. 1235 ft./min. 

Service ccilinjj 23400 ft. il8700 ft. 

Absolute ccilini? 24800 ft. 20300 ft. 


Endurance (hifi^h speed, 15000 hours 4 hours 

Multi-Motored Airplanes. — The possibility of a forced landing due to 
engine trouble with a single-motored airplane, if the experience of the 
United States Airmail can be taken as any criterion is one for ever}^ hun- 
dred flights. English figures show that in one English transport line that 
made 3,502 flights of an average of three hours duration, there were 87 
forced landings due to engine trouble or one forced landing for every 40 
flights. These figures were compiled for airjilancs using Avatcr-coolcd en- 
gines and would undoubtedly be less with air-cooled engines because the 
United States Airmail figures show that 30 per cent of the landings were 
due to water circulation system troubles and the English figures show that 
this is not an unreasonable ]iercentage because they arrived at twenty- 
eight per cent of the forced landings as due to cooling system faults. For 
this reason, the concensus of ojiinion of those fitted to judge the require- 
ments of commercial airplanes is that these be fitted with more than one 
power plant, because the risk of forced landings becomes less as the number 
of engines increases, providing, of course, that the number of motors does 
not so greatly reduce aerodynamic efficiency as to partly nullify the ad- 
vantages obtained. Another requirement to secure practical immunity 
from forced landings in event of failure of engines, is that the shi]) can fly 
with only one of its engines in case of failure of the rest of the jiower ])lant. 
When i\^o motors are em])loyed, the degree of reliability is increased over 
that of a single-engine ship but not nearly as much as in a three-engine 
plane. 

By considering the law of probabilities, planes with three water-cooled 
engines having the same reliability of ojieration as the single-engine ])lane 
with one forced landing per 100 flights would have one forced landing for 
each 535 trijis. With air-cooled engines instead of water-cooled, the figure 
for a single engine ship would become 133 trips and for a multi-motored 
air-cooled power jilant, the percentage would be greatly increased over the 
figure previously given and has been estimated as one forced landing for 
each 3,333 tri])s, which, to say the least, makes a forced landing with a 
three-engine shij) a somewhat remote possibility. Forced landings due to 
structural defects of the airplane structure are now practically eliminated, 
but this cannot be said for the airplane power jilant, despite its present 
high state of deveIo])menl, as there still remains the danger of stoppage due 
to mechanical defects or trouble in ignition and carburction even if cooling 
faults are entirely eliminated by use of air-cooled cylinders. Ignition and 
carburction systems cause more sPjppages than lubrication failures, so some 
authorities ])redict that engines which do not require electrical ignition or 
the conventional carbureting system are a logical develo])ment for the fu- 
ture. There is also a danger from fire, which the use of multi-motors cer- 
tainly does not reduce because explosive fuel or rather one capable of 
extremely rapid combustion at atmospheric pressures must be used in all 
engines of the present Otto-cycle form, regardless of the cooling system 
employed. 
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Diesel Engines Proposed. — Internal-combustion engines of the Diesel 
type have been suggested to reduce the risk attendent upon stoppage or 
fire. The first danger is entirely one of mechanical considerations, the 
whole solution of which devolves upon the detailed design of the engine 
•with a view to the elimination of all unreliable features. On the other 
hand, the second danger, that of fire, is of basic origin since it is entirely a 
problem of fuel. A great deal of experimental work has been carried on 
both here and abroad in the development of an engine suitable for aircraft 
which will not require the use of fuels, such as gasoline, with a very low 
flash point. Heavy oils are very difficult to ignite because they vaporize 
slowly and even wffien ignited, burn slowly. 

Since there would appear to be little hope of making gasoline non-ex- 
plosive, the most logical direction in which to turn for the fireproof engine 
is toward the 13iescl princi])lc. As is well known, the fuel used in this type 
of engine is not explosive, having a very high flash point. It is rendered 
explosive and made to develoj) power, through being brought to a very 
high temjxTature in the combustion chamber. This heat is obtained by 
enormous and sudden compression of the vapor in the engine cylinder. It 
is said that the natives of Borneo use a similar principle to make fire, tinder 
being placed at the bottom of a wooden tube into which a plunger is rapidly 
forced with the result that the compressed air becomes so hot that the 
tinder ignites. While this Diesel ])rinciple has distinct i)ossibilities for air- 
plane engines since the Diesel engine is one of the most satisfactory marine 
engines in use, it has the great disadvantage in that the exceedingly mas- 
sive cylinders necessary owing to the very high ])ressures used are almost 
prohibitive iti airidane power plants because of weight. It is understood 
that, while success with an engine of this type for air])lanes is not yet in 
sight, there is every reason for hope in the near future as reports indicate 
that Diesel type engines have been made sufficiently light for airship use. 

While it is probable that one Liberty engine in a mail plane would con- 
sume 25 to 30 ])er cent less fuel than three 200 horsepower engines, the cost 
of fuel is given as onl}^ about 5 per cent of the cost of operation .so the 
augmented cost of fuel for three engines would be about 1^ per cent which 
may be considered very cheaj) insurance. 

There arc other important points to be considered. The public at pres- 
ent is not air-minded because it is afraid to fly and distrusts the use of the 
present single- and even twin-engine jdanes. It does not even risk its mail 
or exi)ress in large volume with such planes. Its main fear is not of flying 
but of forced landings. Remove the cause of most of the forced landings 
by using three-engine air-cooled planes and the psychological reaction will 
be ai)parent in greatly increasing number of commercial api)lications. The 
experience of those who have operated air lines for /:ommercial transport 
is that two engines is not enough and that more than three engines is un- 
necessary exce])t in the case of very large airplanes, because when more 
than three engines are used, structural and aerodynamical problems are in- 
troduced that demand very careful consideration. It is not difficult to 
install three engines. One is placed at the nose of the fuselage, which one 
must have with even a twin-motored ship, the other two are carried out- 
board in the same manner as in the twin-motor types. Use four or five 
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motors and their placing becomes more difficult. If two pairs of motors are 
mounted outboard, one must be placed back of the other to keep resistance 
down but air screw efficiency suffers because one screw must work in the 
slipstream of the other which the writer has previously shown to be un- 
desirable, If four motors are mounted outboard as separate power plants • 
then structural problems are introduced that are not easy of solution. The 
three-motored airplane is therefore the most popular and practical multi- 
engine type because it is the most reliable construction that can be secured 
with minimum sacrifice of efficiency. 



Fig. 333.— ^leinkel Twin Motor Biplane Equipped with Wright “Whirlwind** Engines. 
Note Streamlining of Engines and Propeller Hub. 


Heinkel Twin-Motor Biplane. — The new TTeinkel Model lTD-20, built 
at Warnemunde, Germany, by the ITeinkel Flugzeugwerke, and ])owercHl 
with two Wright “Whirlwind” J-4-B engines, has i)roved a conspicuous 
success. It is a sescjui-jdanc, ccmvertible for use over either land or water. 
Either one of the two “Whirlwind” engines can be removed in a few min- 
utes, comjdete with its oil tank, by divSconnecting four bolts. The frame- 
work of the machine is welded steel tubing and is covered with doped fabric. 
The neat and trim a])pearance of the Avhole can readily be judged from the 
])hotogra])h. The beautifully streamlined cowling for the engines and oil 
tanks, the absence of wdres, ami the balanced elevator and rudder, should 
be noted especially. 

The useful load capacity is about 1,400 pounds, and the cruising range 
three hours, which is nothing remarkable for a commercial plane with four 
hundred horsepower, but it is rcj)ortcd that the climb and the maneuver- 
ability are excellent, and that the machine can be stunted like a sport plane. 
A feature wdiich makes this a particularly good ])hotograj)hic plane, is the 
fact that the camera is mounted in the front cockpit, w^ell ahead of the en- 
gines, obviating any possibility of getting oil on the lens. The front cockpit 
location in a twin-engine plane also gives the camera an unusually wide 
field, free of all obstructions. 

Although outstanding in its fine equalities for photographic work, a plane 





MODERN AIRSHIPS AND AIRPLANES 


641 


of this type has very interesting possibilities for observation and training. 
Especially for night observation, the use of two standard, reliable air- 
cooled engines, plus the ability to fly with moderate load on one engine 
alone, gives this type distinct advantages over any other now in use. The 
. observer’s field of vision is remarkably good. As a small bomber, such a 
machine would materially reduce the cost of training personnel, and still 
have the advantage of training them in a modern high performance ship, 
with up-to-date equipment, including air-cooled radial engines. 

The Heinkel HD-20 should also be unusually safe. Unless it is over- 
loaded, the machine can be kept in the air with one engine only, and since 
the vertical fin is adjustable in flight, the jiilot can easily maintain control 
while flying with only one engine. The wing loading is very light, the 
take-olT is (piick and the landing speed low. The general characteristics 
are as follows : 


Span, ii])per 12.8 meters 

Span, lower 8.8 meters 

Length overall ^>.45 mclers 

overall 3.02 meters 

Total wiiij.; are.i 39.8 meters 

Weight empty 1300 

Full load wei^lit 1950 kg 

Maximum .si)ee(l 190 km. ])er hour 

handing sj a'od 85 km. per hour 

Climb to 1000 meters 31'; minutes to 3280 ft. 

Climb to 2000 meters lYi minutes to 6500 ft. 

Clinil) jto 3000 meters 13 minutes to> 9840 ft. 

Climb to 5000 nu'ters 35 minutes to 16,400 ft. 

Endurance 3 hours 

Range 570 km 

TJ)./sq. ft 10 

Ll)./hp 10.7 


42 ft. 

28 ft. 10 in. 
31 ft. 

9 ft. 11 in. 
428 s(|. ft. 
2860 lbs. 

4290 Ihs. 

118 m.]).h. 

53 m.p.h. 


355 miles 


Caproni CA73 Bomber. — The Italian constructor, Caproni has l)iiilt very 
large homhing planes and cxami'les of his extremely large l)i])laiies and tri- 
plancs used during the late War have been previously illustrated in Chap- 
ter 7 at Figs. Ill and 112. A new and smaller plane is shown at Fig. 334 
to show an uiuisiuil method of two-motor installation. The engines arc 
installed in an individual nacelle above the body in the inter])lane gap as is 
often done in flying boat ])ractice. The wing arrangement is somewhat 
novel, the upper wing ])eing considerably smaller than the lower wing as 
shown at Fig. 334 A. Both wings are of thick section, the span of the 
lower one being considerably larger than that of the upper, as is also the 
chord of the lower wing, fl'his arrangement necessitates a very marked 
inward slope fii])war(ls) of the outer intcr])lane struts, this fact undoubt- 
edly being largely re.si)onsiI)le for the fact that, in si)ite, of the compara- 
tively large span of the machine, there is only one interplanc bay. The 
inward sloping struts undoul^tedly provide a distinct lateral stiffening com- 
ponent in the wing structure. The only other inter])lane bracing struts are 
a single j)air of vertical struts arranged in conjunction with the under- 
carriage structure on each side of the fuselage, and a slo])ing Vec arrange- 
ment between which the engine nacelle is mounted. The lower wing is 
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attached to the top longeron of the fuselage t 
pronounced dihedral is put into the olif ^ while a 

lower wing only and these are hahnced In? fitted to the 

nacelle is mounted above the f,. ^ The engine 

struts which undoubtedly provide consVer^M of 

struts are all quite short in lene-fh The * ' ^ 'ty, especially as these 

.He .M. . reire^j.: 



'Upper Wmg 
has dock Sfogger 



Side View- Military Type 



Ei^ in^'lllf'ioa Viw'sh" ^ CA 73 Bomber with Tandem 

ShowmBlmwM.einBof;;SUr™e^^BlSf„e B'm “-S'* ^ 

1"B PUne Deeiied wl.lt'ISS'ef^TS'c.fc * “™- 

hn.otp'4'r:s,;’ .t';'',::; zt::,:;' t- 

normal double Vec structure braced laterX h 1’-'*"^ c«"«i«ts of a 

strut extending to the top fuselage lono-eron ^FaS^V ^ sloping 

axle for its individual wheel The t-.;hbl • r carries its own 

sists of a biplane formation with tin hut con- 

near the top of the vertical fin. .A s nglTmir Jf im ' P«'"t 

singfic pair of interplane struts brace the 
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tail structure just as in a small wing structure. Elevator flaps are fitted 
to each surface of the stabilizer group, these being split to allow for the 
movement of the rudder which is of normal balanced type. 

The engines are Jupiter air-cooled radials of 420 horsepower each, the 
forward engine driving a two-blade ])ropeller while the after engine drives 
a four-blade pr()])cner. Lorraine Dietrich water-cooled engines of 450 
horsepower each have also been fitted and such an arrangement is shown 
at Fig. 334 C. 

The general dimensions of the Laproni CA.73 arc as follows: 


LciiRlh 49 5 ft. 

Span 82 0 ft. 

Height 18.5 ft. 

Weight Empty 7055 Ib. 

Load which can he c.irncd 4409 11). 

Total loaded weight 11464 Ih. 

Total which can he carnecl (in oik^ engine 2()45 Ih. 

Load ijcr sq. ft. wing surface 7 11). 

Load per horsepower 14 Ih. 


The plane carries a pilot and observer with a forward and a rear gunner, 
each of the latter two having an individual cockpit fitted with the usual 
form of gun ring mounting. The machine is said to be very maneuverable, 
especially in view of its size. r>eing fitted with tandem engines, it is possi- 
ble to fly with eitlier engine stopped with the minimum of difficulty in con- 
trol and the load capable of being carried on one engine (2,645 ])ounds) is 
quite appreciable. The general performance of the machine is as’ follows: 


AlfVMnium Sliced 115-118 m.p.li. 

Clinih to: 

1000 niolcrs (3280 ft ) 5 mm 20 sec. 

2000 meters (()5()0 ft ) 12 miti. 30 sec. 

3000 meters (9840 ft ) 21 min. 

4000 meters (13120 ft ) M min 


The C aproni Company has drawn up plans whereby the (..A. 73 can be 
transformed from a bombing plane into a commercic'il j^assenger machine. 
A cabin would be imoxided as shown at Fig 334 C for ten passengers, seats 
being arranged in two rows in the cabin Avith an aisle between. Entrance 
would be through a door placed just under the leading edge of the lower 
Aving and it is estimated that the plane Avould be very suitable for such an 
adaptation. 

The C.P.A.l Two-Motor Bomber.— The makers of this unusual long 
range bombing monoplane, the C. P. A. Company are a brench firm. 1 he 
airplane is a braced wing monoplane poAvered Avith tAVo 500 horsepower 
Avater-cooled Ilispano-Suiza engines, the draAvings at big- 335 showing 
clearly the method of pciAver plant installation and also the manner of 
bracing so a strong structure is obtained, the wing bracing extending from 
the engine nacelles Avhich arc mounted directly over the dual Avheel landing 
gear struts. The AAnngs are of standard Avood box spar construction, Avith 
ribs also of Avood and closely spaced. 1 he struts, which brace the Avings 
and form the engine mounts, arc made of wood. 
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Trailing edge wing flaps are used, extending the entire length of the 
wing span. The outer portions of this flap are divided from the inner por- 
tions on each side and are capable of individual operation as ailerons for 
lateral control. The wings have no dihedral but have a considerable sweep^ 
back in plan form. The fuselage is of standard wood and wire construction 
with the pilot’s cockpit arranged behind the wing, while the observer’s 
cabin extends back from the gun ring in the nose for some fifteen feet. The 
cabin has windows for observation and bomb sighting. There is also a 




Fig. 335. — Outline Drawings of the C. P. A. 1 Twin Engine Monoplane Bomber. 

bomb rack for forty 22 ]:)ound bombs or for ten 110 ])oun(l bombs. A trap 
door is constructed in the lUmr of the fuselage, in the after portion, in order 
that a hasty exit l)y jxirachute may be made by the occupants of the i)lane. 

The gasoline tanks are arrangccl in the wings alxjve the engines and can 
be emptied in flight by a knife, actuated by a sj)ring', which rips out the 
bottoms of the tanks. The two tanks can be interconnected in case of 
necessity. Dual control is provided for the ])ilot and rear machine gunner, 
each having controls which can be disccjiinected from either seat. The 
armament of the plane consists of six machine guns, two being i)laced in 
the nose of the fuselage, two in the gunners’ cockjjit, just back of the i)ilot’s 
cockpit, and two which can be fired through the bottom of the fuselage to 
the rear and downwards. 
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The general characteristics of the plane are as follows : 


Span 74 ft. 10 in. 

Chord 12 ft. 3 in. 

Length 48 ft. 10 in. 

Area 003 sq. ft. 

Weight empty 0,600 lb. 

Weight loaded 10,900 lb. 

Weight per sq. ft. of wing area 12 lb. 

Estimated performance: 

High speed 130 m.p.h. 

Landing speed 55 m.p.h. 

Ceiling 24,600 ft. t 

Performance on one engine: 

High speed 75 m.p.h. 

Ceiling 7,500 ft. 


Combined r j sc /age and 
PassengerC bin has 
Aerofoil Sec/ion ' 




Two Liberty 
fnqmcs 


Fig. 336 .— Drawing Showing Side View of Remington- Bur nelli Biplane Having Fuse- 
lage of Aerofoil Section so it Contributes Useful Lift while in Flight, Acting as a 
Short Span Thick, High Lift Wing. Cabin is Very Spacious. 

Remington-Burnelli Airliner. — This larg^e biplane twin-motored airliner 
is a very nnnsiial design l)ecausc that while two engines are cini)Ioyed, 
these are mounted side by side in the fuselage itself. This machine has 
made numerous flit^hts around Mineola, Dong’ Island where it was built. 
The unusual engine mounting is rendered possible by the fact that the 
fuselage is extremely wide and the Liberty engines are installed in the two 
front corners of the nose. The fuselage is further interesting because of 
its unusual sha])e, a side elevation: it being designed to form the cf)ntour 
of an airfoil as far as ])ossible, is shoAvn at Fig. 336. It undoubtedly con- 
tributes to a certain extent to the total lift of the plane as a result of this 
feature. The size of the fuselage allows considerable cargo or ])assenger 
S])ace, the cabin measuring 14 feet by 16 feet by 6 f(*eL The construction 






MODERN AIRSHIPS AND AIRPLANES 647 

m 

of the fuselage is of duralumin, riveted channel section struts being em- 
ployed together with a corrugated sheet covering which contributes con- 
siderably to the structural strength. 

The wing construction is original, consisting of liox type duralumin 
girders with lattice webs. The compression struts are spaced approxi- 
mately 6 feet apart and conform to the wing contour. Between the com- 
pression struts, and fastened to them, arc duralumin U section memliers, 
spaced 2 feet apart running laterally. They are used to take the covering 
load and do away with the conventional rib construction. The covering of 
the wing is of light gauge duralumin, 1 % inch jiitch and inch deep, formed to 
the wing contour and riveted to the wing hcains. The location of the wing 
beams from the leading edge is 19 per cent of the cord for the front beams 
and 69 per cent for rear beams. The length of the center section is 14 feet, 
that of the inner bay 18 feet and that of the cantilever panels 14 feet. 


SPKCIFICATIONS 

Following are the general details of the machine: 


Winj^ span 78 ft. 

Wing chord 10 ft. 6 in. 

Gap 1 1 ft. 4 in. 

Winj^ area ... . 1517 .s(). ft. 

Areas of fail .siirfarc s 

Horizcnital '^t<ll^^h/crs 44 s(|. ft. 

Elevator 74 sq. ft. 

Vertical fin 33 sq. ft. , 

Rudder 36 stp ft. 

Weight, eiii])ly 0,450 Ih. 

Cargo, passengers and crew 4,000 Ih. 

Fuel and oil 2,150 11). 

.Total loaded weight 15,600 Ih. 


Fokker Tri-Motor F VII. — This is a commercial trans])ort airplane that 
when used for passenger traffic will carry 2 ])ilots. 10 ])assengers, 540 
pounds of baggage for 500 miles at a s])eed of 100 miles per hour. By re- 
ducing the number of passengers to 8 and the baggage load to 380 pounds 
the range can l)e increased to 700 miles or 7 hours lliglit. For freight, ex- 
press or mail, 1,820 jiounds of pay-load may be carried in a 500 cubic feet 
capacity cabin, with two pilots and sufficient fuel and oil for 700 miles. 
Reducing the range to 5 hours flight increases the pay-load to 2,340 pounds. 
An airplane of this ty]ie was the first to fly over the North Pole and was the 
first tri-motored airjilane to cross the Atlantic in one ho]). Another accom- 
])lishmcnt was the flight from Califiirnia to the Ifawaiian Islands. One of 
these machines which received actual apiilication iiF air transit is shown 
at Fig. 337, and was used by the P. R. T. Air Service, flying between Phila- 
delphia and Washington. I'his type of plane is also used on Boston to 
New York Airline and has been widely used abroad. 

The high importance of perfect flying qualities in commercial aircraft 
deserves far more positive recognition than it has generally received in the 
past. Under normal conditions and with engines running perfectly the 
absence or presence of good flying qualities is not ap^iarent, hence very 
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often neglected unless the test pilot is specially trained to investigate and 
report on such matters during the initial flight tests. When bad weather 
is encountered, engine failure occurs, or a landing has to be made as slowly 
as possible and in a difficult place, the flying qualities of the ship determine 
the whole issue. In fact, the very prevalent lack of appreciation of the real 
nature of perfect flying qualities is undoubtedly the reason why so many 
accidents, even to exj)erienced pilots, are put down as either “unexplain- 
able” or “unavoidalflc,” while they are really the result of unsafe flying 
qualities when flying at low altitudes and low speeds. On the elimination 
of these dangers Mr. Fokker has concentrated all his experience and skill 
as a designer and a pilot, personally making every test, with the well known 
“non-stalling” and “non-spinning” qualities of Fokker aircraft as a result. 

In its general construction and use of materials, the Fokker Tri-motor 
F VII follows closely the highly successful features of the long line of 
Fokker commercial craft which have preceded it. As an aerodynamical 
design, the thick winged monoplane, Avith the wings placed high uj), on the 
fuselage, originated in the Fokker F II of 1920, has never been equaled by 
any other type of design in efficiency as a load carrier for a minimum ex- 
])enditure of power. Similarly, the inherent advantages of the steel tube 
fuselage structure, combined with the all wood, veneer planked wing, used 
in all Fokker commercial aircraft, are so firmly established that their adop- 
tion in the Tri-motor is a matter of course. 

As already described, the wings embody the thoroughly proven Fokker 
all wood, veneer covered construction. ]"or ten years now this form of 
construction has been standard on all Fokker monoplanes and has ]>roven 
so satisfactory in service that it is this ])art of the shi]) that has undergone 
the least change during this long period. The cost and time expended on 
repairs and maintenance work on wings (d this type have been conclusively 
proven to be lower than any other tyi)C of construction known at the pres- 
ent time. Repairs can be made anywhere by any car]>enter; recovering has 
never been found necessary, except locally in case of accidental damage, and 
normal maintenance year after Axar is ])ractically reduced to occasional 
varnishing.' A most important feature of the wooden Aving is also its flexi- 
bility, Avhich permits deflection under OA^erload Avithout i)ermanent deforma- 
tion; no riA^ets or connections can be strained, as the Avings form one con- 
tinuous, unbroken structure. The wing spars arc built up of box section, 
with heavy laminated s])ruce upper and hwer flanges and birch veneer ply- 
wood Avails, suitably blocked Avhere necessary. The ribs are built up of 
birch plywood Avilh si)ruce cap strips and stiffeners and the entire structure 
is both covered and solidly bound by the com])letc birch plyAvood covering, 
Avhich is glued, nailed and screwed on. The result is a Aving which is not 
only A^ery light in Aveight but Avliich will stand regular use under all weather 
conditions, Avith a minimum of deterioration. 

Fokker Power Plant Installation. — The three Wright “Whirlwind” air- 
cooled radial engines of 200 horsepoAver contribute greatly to the com- 
mercial utility of the Fokker Tri-motor. Large numbers of these engines 
are in use in the United States NaA-y and in civilian aircraft of many kinds; 
they have an excellent reputation for reliability and Avearing qualities. The 
inherent simplicity of Ihc radial engine and the accessibility of its parts re- 
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suit in low maintenance costs and a minimum of hours out of service for 
overhauls and* repairs. Two hundred hours service without overhaul is a 
normal performance for these engines. The average fuel-consumption on 
the Fokker Tri-motor in normal commercial operation is only about 39 
•gallons per hour, for the 3 engines. Oil consumption averages below 9 
quarts per hour; several brands of heavy oil, commercially easily obtainable, 
are suitable. The center engine is bolted to the nose of the fuselage, while 
the two side engines are mounted on well designed tubular steel nacelles 
suspended below the wing and attached thereto by three bolts. This loca- 
tion of the engines, an original Fokker design of great value, avoids inter- 
ference with the aerodynamic qualities of the wing, an interference which 
has proven to be of the greatest detriment to the qualities of the entire ship 
in designs where the engines have been located in, against or immediately on 
top of the leading edge of the wing. 

The design of the exhaust manifolds is also the result of much experi- 
ence and testing. They consist of a system of short lengths of flexible 
metallic tubing clamped to rigid joints. Replacements are, therefore, very 
cheap and quick to make. All possibility of straining the cylinders is 
avoided and individual cylinders can be removed quickly without detaching 
the manifold. 

Strainers are placed in the line at each engine, in addition to screens over 
the tank outlets. Gravity feed only is used, avoiding all com])lications in 
the way of pumps and their accessories. In the standard installation, two 
gavSoline tanks, of 95 gallons each, are ])laced in the center section of the 
wings, between the enormous wing spars; this is undoubtedly }he most 
protected i>osition conceivable on any aircraft. Provision is made in the 
wing structure for installation of a third tank when desired. Each tank 
feeds the fuel system independently, through a shut-oflf cock. These cocks 
form part of a manifold installation on which the three individual feeds to 
the engines are also each controlled by separate cocks. On top of this mani- 
fold, which is mounted right next to the two pilot’s seats and in full view, 
boiler type glass tube stand pij^e level gauges are ])rovided for each tank, 
the only absolutely relial)le and ])ositive type of gauge known. They are 
calibrated and marked both for standing and flying ])ositions of the ship and 
are provided with shut-off cocks, in case of breakage; this is unlikely as the 
gauges are protected by a trans])arent pyralin box. Each engine mount 
carries its own oil tank, the total oil cai)acity being 21 gallons. 

General Fokker Features. — The pilot’s cockpit is roomy and conven- 
iently arranged. A three piece glass windshield gives such protection that 
goggles are not needed under normal conditions. The cockpit is entered 
from the cabin through a large door fitted with a window. The passenger 
cabin is 10 feet long, 5 feet wide and 5 feet 10 inches high. EJght comfort- 
able wicker arm chairs arc provided. Glass windows run the entire length 
of the cabin and may be ojiened for ventilation. Provision is made for 
heating the cabin. The floor is covered with carjiet or linoleum. A com- 
pletely equipped wash room is located at the rear of the cabin. The main 
access door, in the side of the fuselage is entered by way of one step, di- 
rectly from the ground. This door is 4 feet 5 inches high by 2 feet 6 inches 



650 MODERN AIRCRAFT 

wide. A separate baggag'e compartment is located at the rear of the main 
cabin. 

Complete dual control, of the wheel and column type is fitted. The sta- 
bilizer is adjustable in flight by a worm gear, operated by a crank and shaft 
from the pilot’s seat. JClevators and rudder are balanced. Ailerons are* 
wood construction, veneer covered as the wings are. The landing gear is of 
wide wheel track, the 44 inch by 10 inch tired wheels being spaced 15 feet 
apart. Each half of the landing gear consists of an axle and radius rod 
hinged to the lower longeron of the fuselage, and a vertical shock absorb- 
ing strut abutting at the to]> directly on the side engine nacelle. In land- 
ing, the entire weight of the side engines is thus borne directly by the land- 
ing gear instead of through tlie wing structure. The shock al)S()rl)ing strut 
itself is the product of a great deal of experience; especially in passenger 
traffic, ])erfect shock absor])ti()n, not only in landing hut particularly in 
taxiing, is of the greatest influence on the comfort of the passengers. The 
shock absorbing elements themselves are horizontally suspended individual 
rubber rings which allow a very long stroke, both in taxiing and landing. 
The action is extremely soft and causes no tendency to bounce, d'he 
quickly and individually replaceable rings are a valuable maintenance fea- 
ture. Brakes of special design are installed, by means of which the roll 
after landing can be reduced to a very short distance by the ])ilut or his 
assistant in case of an emergency landing in a very small field. The mud 
guards are attached to the vertical struts, so that they do not have to be 
touched when removing wheels. 


SPECIFICATION 

Fokker d'ype F \'J I Coiiiiucrcial Airplane Fitted With Three 200 1*. P. Wn^ht 

“Whirlwind'' Engines 


J^inieiiMons 

Span . . . . (jd'4" 

Len^lh 4»/2" 

Uci^ht 12'!/' 

Track of I.andiii}^ (ie.ir 15' 


J)i.sposal)Ie Load 


Alternative Dis])osilionh • 

I'liel and Oil (5 hours) . 

Crew ( 2 ) 

Passenj^iTs (10) 

Baggage 

Total 


. . .1,300 Ihs. 

. . 3f){) Ihs 

...1,800 Ihs ) Par -load 
. . . 540 ll)s. \ 2,340 Ihs. 


4,000 Ihs. 


or 


Fuel and Oil (7 hours') 

Crew ( 2 ) 

Passengers (8) 

Baggage 


.1,820 lbs. 

. 360 Ihs. 

.1,440 Ihs.) Pav-Ioad 
. 380 lbs. 5 1,820 lbs. 


Total 


4.000 Ihs. 
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Performance 

Climl) — Official U. S. Government Tests 


^filitarv Disposable Load 
' 2,975 lbs. 

Rate of climb at ground 

levL‘1 860 ft. /min. 

5.000 ft 6.9 min. 

10.000 ft 17.5 min. 

15.000 ft 42.1 min. 

Ceiling 16.050 ft. 

On two engines onl^^ 

Rate of climl) at ground 

level 530 ft /min. 


Commercial Disposable Load 

4,000 lbs. 


Kale of climb at ground 


level 


..720 ft./min. 

5.000 ft 



10,000 ft 


24.2 mill. 

Ceiling 


....1.3,950 ft. 

On two engines 

only: 


Rate of clnnl) at 

ground 



level 343 ft. /min. 


Ceiling 


11,000 ft. Ceiling 


7,000 ft. 


.Sjjeed — M.imif.ietnrei s’ Tests 


High speed at ground level 122 m.p.h. 

Average cruising speed 100 m t).b. 



Plan View 



Fig. 338A. Bleriot Four Engine Airliner with Engines Mounted so There will be 

no Interference between Propeller Slipstreams. 
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Bleriot Four Engine Airliner. — ^This large biplane is built by the Bleriot 
Company, the founder of which was the first man to cross the English 
Channel by airplane, which feat he accomplished with a small monoplane of 
his own design so long ago that it is now ancient history in aviation 
progress. The machine shown at Fig. 338 A carries 17 passengers besides 
the pilot and navigator-mechanic and was built for use in the Paris-London 
service. The following details wxre given in Aviation. 

The wings of the Bleriot 155 are of normal bi])lane structure with a total 
wing area of 1,444 square feet. The span is of 85 feet 3 inches, while the 
chord and the gap are each 8 feet 10 inches. The ui)per and lower wings 
are absolutely identical, with neither swee])-back, dihedral nor stagger. 
They are connected by eight interchangeable struts made of light metal 
tubing. The front and rear wing beams are of the same depth and carry 
the same load making it possible to use identical wing fittings and cables. 

The wings are constructed entirely of wood with the excc])tion of the 
braces connecting the engines, the landing gear and certain highly stressed 
parts of the fuselage, which are made of steel, thus insuring absolute rigid- 
ity. There are four unbalanced ailerons. The fuselage is arranged to seat 
17 passengers in a cabin 15 feet in length. It is lighted l)y twelve portholes 
which provide the passengers an excellent view, both below and to the 
sides. Ventilation is obtained by four air inlets which can be regulated. 
Besides the entrance door, which is set on one side of the fuselage, the cabin 
also has an emergency exit towards the front, and one in tlie roof. 

The horizontal stabilizer consists of a fixed portion, the angle of which 
can be t^egulated in flight by means of a wheel operated by the pilot, and 
the elevators, which are unbalanced. The fixed vertical fin is tri-angular 
in shape and the rudder is unbalanced. 

The four engines are set on the leading edges of the wings, on either side 
of the fuselage, two on the upper wings and two on the lower wings. The 
slipstreams of the propellers do not interfere with each other in any way 
but it would seem that there might be serious trouble if one propeller broke, 
.since it would be likely to injure the other proj)clIers, as well as the pilot 
and mechanic. Four 2v30 horsepower Renault engines are used turning 
tractor propellers of 8 feet 10 inch diameter. The cooling is done by a 
honey comb ty})e radiator, triangular in formation and attached in front 
and above the engine. The starting of the engines is done by a compressed 
air starter built by the Societe Bleriot-Aeronautique. The pilot can con- 
trol the four starters while in flight, cither together or individually. 

The landing gear is placed directly under the two groups of engines; 
each one consists of two wheels braced by steel tubing in the form of an 
N. Y. Lateral bracing is obtained by four wu’re cables, two in front of the 
wheels and two behind. These cables arc attached on one side, to the 
longerons of the lower wings at the inside wing struts, and to the fuselage 
on the other side. The shock absorbing is done by Sandows bands fastened 
around the axle and around the steel tubing. The tail skid consists of a 
steel tube, hinged at about two-thirds of its length and strung on elastic 
cord with a steel skate on the rear end. 
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GENERAL CHARACTERISTICS 


The general dimensions of the airplane are given in the following table: 

Span 85 ft. 3 in. 

Length 48 ft. 4 in. 

Height 16 ft, 6 in. 

Chord 8 ft. 10 in. 

Gap 8 ft. 10 in. 

Weight empty, with water and wireless apparatus 8,0v30 lb. 

Weight of fuel 1.760 lb. 

Weight of crew 352 lb. 

Weight of instruments 88 lb. 

Weight of usual load 3,740 Ih. 

Total weight 13,970 lb. 

Weight per sq. ft 9.4 lb. 

Weight per hp 15 lb. 


Performance 


Speed at ground level 105 m.p.h. 

Cruising speed 90 m.p.h. 

Altitude readied in less than 60 minutes 13,300 ft. 

Cruising radius 300 mi. 


Latecoere Four-Engine Bombing Plane. — Another large French biplane 
is sliown at Fig. 3,^8 13 and it is designed to carry hoinhs for long distances. 
This biplane shows an arrangement of four engines that is criticized by 
some aeronautical engineers because the rear engines, which are placed in 
line with the front ones, must turn their propellers in disturbed air J)ecause 
they operate in the slii)stream of the front tractor screws with some loss 
of efficiency. Tin’s plane was also dejcribed in a current issue of Aviation. 

The plane, which this company built, was originally equipped with four 
265 horsciiower Salmson engines but the recent model, which is now under- 
going tests at Villacoublay, is fitted with four French Jupiter radial air- 
cooled engines which develop 400 horse])ower each. No official flight jier- 
formance figures have been issued, but the plane has several features which 
make it of interest. Throughout the design there has been an attempt to 
make the plane proof against machine gun fire and shell fragments. The 
result has i)cen sought, not by providing- protective armour but by a design 
whereby the destruction of one member would not cause the colla])se of the 
entire plane. Idiere are, for example, seven spars in the wing and the fusel- 
age is constructed without longerons so that cither part could be hit many 
times without seriously injuring the structure. The defensive armament of 
the plane consists of one machine gun group in the nose, one projecting 
from the center of the upper wing and one from a sort of a spur which pro- 
jects from the center of the upper wing and one from a s6rt of a spur which 
projects from the lower part of the fuselage, just behind the trailing edge of 
the lower wing-. This provides the plane with no blind sports except the 
area directly behind the tail surfaces. The armament is such that a squad- 
ron of these planes could, if attacked by pursuit planes, put up a veritable 
barrage of machine gun fire. The pilot and observer arc protected by 
armour and enthusiasts for this class of plane claim it could not be brought 
down, except by an explosive shell of considerable calibre. 
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The L.A.T.6, as the plane is officially known, has a wing area of 1,291 
square feet. The upper wing has a span of 90 feet 8 inches and a chord of 
llfeet 6 inches. The lower wing is much smaller, having a span of only 
67 feet 8 inches. The fuselage extends to the upper wing, eliminating center 
section struts and giving a very spacious cabin. The wings can he de- 
mounted in sections for shijiment on a French freight car. They are rec- 
tangular in form, with a slight dihedral and a very decided sweep back. 
There are four ailerons, those on the upper wing being balanced. The 
wing frames are entirely made of metal. The ujiper wing has nine spars 



Fig. 338B. — Latecoere Four Engine Biplane has Tandem Engines Mounted in Nacelles 
Carried between the Wings, the Rear Screws Working in the Slipstream of the 

Front Ones. 


made of reinforced sheet metal, while the lower wing has seven. The cross 
bracing is at interv^als of about six feet and consists oi metal tubing. 1 he 
covering of the wings is also of metal and adds to the structural strength. 
In static test, the structure withstood a load of 30 tons, indicating a safety 
factor of 7.5. 

The fuselage consists of a metal framework also covered with a metal 
covering. The fuselage contains a large cock])it for the pilot and ol)server, 
protected gasoline tanks which can be em])tied in flight, radio cabin and a 
camera and moving picture installation. The machine gunners, it is notice- 
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able, are allowed ample room. The tail control surfaces consist of a narrow 
balanced elevator and three balanced rudders. 

The two pairs of engines in tandem are arranged on the lower wing. 
Each unit containing its own copper lubricating oil tanks and aluminum 
* gasoline tanks. The engine instruments are attached to the engine nacelles 
in such a way as to be visible from the pilot’s seat. 

The undercarriage groups are placed under the engine inountings. Each 
grou}) consists of doul^le tire wheels with streamlined fairing. A rather 
complicated system of bracing is used to maintain the wheels in position 
but the structure looks rugged and accessible. 


GENERAL Cll ARACTERISTICS 


'riic K^'iicral cliaractorislics of tlu* plane, e(iiiippcd with Saliuson 265 lip. engines, 
are as follow; 


Span 

Length . 

Height 

Area . . 

Weight eiiipiv 

Enel 

Useful load ... . 
Weight per s([. f( 
Weight per hp . 

Speed 

Ceiling 


..90ft. 8 in. 

. . 51 ft. 7 in. 
..14 ft. 1 in. 

. . 1291 sq. ft. 
.9020 11). 

. 3454 lb. 

. 1584 11). 
.. 10.8 11 ). 

. .13.2 lb. 

. . 122 ni.p.h. 

. . 16,728 ft. 


QUESTIONS FOR REVIEW 

1. Describe construction of frame of rigid airship of the Zciipelin type. 

2. Describe construction and give principal dimensions of typical U. S. Army 
non-rigid dirigible. 

3. What are the main re(|uirements of airplanes ft>r civilian flying? 

4. What i.s the span of the Ruhl-Vervillc biplane and what type landing gear 
does It use*^ 

5. ( )utline main features of Fokker Universal airplane. 

() Wh.at is the jiassenger capacity and flying range of a I'okker tri-motor air- 
l)lane? 

7. Describe some distinctive features of the Wright-P.ellanca monoplane. 

8 What is the iiossibility of a forced landing with tri-inotored airplanes? 

9. Ilow^ are four motors installed in airplanes^ 

10 How is the Fokker moimplane wing constructed? 



CHAPTER XVI 


SEAPLANES, FLYING BOATS, AMPHIBIANS 
AND OTHER AIRCRAFT 

Seaplanes and Flying Boats — Metal Hulls and Floats — Curtiss Navy Racer — Advan- 
tages of Seaplanes — Float Design and Surface Maneuvering — Features of Future 
Commercial Flying Boats — Navy PN Series — Characteristics and Equipment of 
Navy P.N.7 — Development of the PN-10 Boat-Seaplane — Boeing P.B.l Boat-Sea- 
plane — Requirements of Navy Seaplanes — ^Where Progress is Being Made — Giant 
Flying Boats — Superboats by Junkers, Rumpler and Ricci Brothers — Amphibian 
Planes — Disadvantages of Old Amphibious Designs — Loening Amphibian has 
Excellent Performance — Interesting Structural Details — Table XXII, Character- 
istics of Various Amphibian Planes — ^The Autogiro Rotating Wing Airplane- 
Principles of Autogiro — Helicopter Principles — Many Problems to be Solved — 
Landing in Event of Engine Failure — Parachutes, Types and Use — Requirements 
of Parachute Equipment — Approved Types of Parachutes — Control of Parachutes 
— Maintenance and Use of Parachutes — Parachute Lands Airplane. 

Seaplanes and Flying Boats. — A number of airplanes are designed so 
they can be fitted with i)on toons or floats instead of wheeled landing gears 
which will enable them to alight on water and take-ofif from that same 
medium. There are distinctive types using a central hull of boat form 
which are really flying boats, this class having beer, developed to a high 
point of efficiency by the U, S. Navy. The greatest im])rovemcnt to be 
made in recent years is in the construction of the floats or hulls which are 
now often made of metal instead of \vood. This not only saves in dry 
weight but one of the weaknesses of the wood float, that of water soakage 
with consequent weight increase, is entirely eliminated. 

Metal Hulls and Floats. — By using metal instead of wood it has been 
possible to show a saving of 500 pounds in a PN8 Navy Seaplane. It Is 
said that soakage is a factor that must be considered as it is one of no 
mean importance. Navy exiierience is that it may reach values in excess 
of 10 per cent of the normal flying load. Such metal floats that have been 
built are of duralumin which is covered with a protective coating to pre- 
vent corrosion in salt water. The saving of weight is of material impor- 
tance even in small floats as an N9 float design of metal weighed but 227 
pounds as compared to the same of wf>od, dry, that weighed 293 pounds 
and 340 pounds including soakage. Naval development of metal floats 
dates back to 1913 so various very practical constructions have now been 
evolved. 

A seaplane of the central float type is shown at Fig. 339 R, this being 
a Curtiss Lark. As will be evident, wing tip floats are necessary to prevent 
the wings dropping down into the water. Another single float type is 
shown at Fig. 339 A, this showing a Boeing training type. When twin- 
])ontoon floats are used, the wing tip floats are usually dispensed with. 
The various forms of hulls and floats are designed from data obtained by 
towing basin experiments. Floats must be proportioned so that at zero 

656 



SEAPLANES AND OTHER AIRCRAFT 65^^ 

speed or when at rest, the displacement will carry the weight At the 
same time they must l)e of such form as will plane readily and leave the 
surface of the water with minimum suction drag when proper flying speed 
^ is reached. 

Curtiss Navy Racer. — A typical twdii pontOf)n seaplane intended for 
racing is shown at ]"ig. 340. I'hc Curtiss racer is really a very small ma- 
chine, having a wing span of only 22 feet. The lower wing is slightly 
shorter than the n])pcr wing, its si)an l)cing 20 feet. The overall length 
from pro])eIler huh to tail, not including the j^ontoons which pre^ject for- 
ward considerably, is 20 feet. The area of wings is a total of 144 square 
feet, most of wdiich c>)nsi.sts of Aving radiator surface. The total weight of 
the seaplane is 2,73(S. t pounds. 



Fig. 339.— Two Recent Types of Single Float Seaplanes with Wing Tip Floats. 
A — Boeing Biplane, Side View. B — The Curtiss Lark Biplane Viewed from the Front. 

Conflicting Factors In Float Design. — Comnn'inder ]|. C. Richardson, 
U. S. N. has snmarized the various conflicting factors that must be con- 
sidered in sea])Iane float design as follows: 

Sea|>lanes must meet requirements of airworthiness and seaworthiness. 
Airworthiness demands that the float system must he — 

(a) As small and as light as ])raclicable. 

(b) Have good streamline form. 

(c) Have little effect on balance, both statically and acrodynainically. 
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Fig. 340. — General Plan and Elevation Drawings of Curtiss Twin Pontoon Seaplane 

Racing Biplane. 
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Seaworthiness requires: 

(a) Stability afloat, moored, adrift or underway, taxiing or towing. 

(b) A proper reserve of buoyancy and stability. 

(c) Minimum water resistance. 

(d) Maneuvering ability, up, down and across wind and in a tideway. 

(e) Ruggedness to meet the high forces encountered at ‘*take-ofF” and 
landing, or adrift in a seaway. 

(f) Simple construction and maintenance to facilitate fabrication, in- 
spection and repairs. 

A careful examination of these requirements will at once indicate a con- 
flict requiring a compromise. A few comments will make this still more 
evident. Central floats require not less than 80 per cent reserve buoyancy. 
Twin floats require not less than 90-100 per cent reserve buoyancy. Boats 
as a rule inherently exceed these figures, but in doing so they usually com- 
bine the functions of float and fuselage. This excess is not chargeable in 
full part to the flotation system. Lightness in any form of floats can only 
be approached while utilizing material to the best advantages to provide 
essential strength. 



Fig. 341.— The P. N. 7 Boat Seaplane of the U. S. Navy Aircraft Squadrons in Flight. 
Note Boat Type Hull with Sponsons at Sides. 


Advantages of Seaplanes. — Seaplanes have a marked advantage over 
land planes for commercial lines established between seaboard points or in 
districts, such as the Great Lakes section, where important commercial 
centers are located on fairly large bodies of water because no special air- 
dromes or flying fields are necessary. Under such conditions they com- 
pete with boat lines and not express trains and they have a much greater 
advantage of speed as the ratio becomes 3 or 4 to 1 instead of 2 to 1 as is 
the case between a commercial land plane and a fast train. 

Float Design and Surface Maneuvering.— Surface maneuvering under 
power is called taxiing. The float arrangement and disposition of engines 
has a complex bearing on this problem. Single screw ships usually turn 
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easily in one direction, but badly in the other, due to slipstream effects. 
Twin floats are more difficult to maneuver than single floats. Twin tractor 
or twin pusher or twin tandem types have a high degree of maneuverability 
Avhen both units are available, but present special problems of seamanship 
if the power available is iinsym metrical. Central tandem engines afford 
perhaps more control than single engine types by utilizing opposite slip- 
stream effects vailable from the tractor and pusher propellers usually 
rotating in opposite senses. 

In the early days of naval development it was considered that 45 miles 
per hour was about as high a s])eed as should be employed for the *‘take- 
off’^ of seaplanes, but already big flying boats have been handled in mod- 
erate seas at over 70 miles per hour and racing planes have gone higher 
than 90 miles per hour. When it is considered that regardless of how much 
the wings are lifting the pressure per unit area is a function of the angle at 
which the surface is presented and the square of the speed, the need for 
ruggedness will be appreciated. In the cases referred to, wooden bottoms 
of a half-inch or less in thickness have successfully withstood such service. 
Adrift in a seaway, in a storm, it is more the sides of the floats that have to 
be considered, for the bottoms are, for reasons just cited, far more rugged 
than necessary for this requirement, and hogging and sagging stresses af- 
fect the hull trussing ini[)ortantly. With twin floats, racking in and be- 
tween floats is an additional problem of serious pro])ortions, particularly 
underway in a cross choj) or when crossing seas diagonally. 

Features of Commercial Flying Boats. — There is no question but that 
multi-engine seai)Ianes arc just as desirable as tyi^es having two or more 
motors flying over land. Some of the features that will be developed on 
commercial flying boats, as stated by Commander Richardson follow: 

“Air-cooled engines are at least equal competitors in certain sizes today 
and may become even more generally used. Metal ])ropellers, steel or alloy, 
will displace wood. In larger planes the central float is almost inevitable 
and the triple float arrangement will jmobably dominate. S])onson types 
are of inferior seaworthiness. In seagoing planes, the monojdane will 
probably dominate as the wings are less subject to damage in heavy seas, 
in case of a forced landing. For inland waters, the biplane may dominate 
and in such cases ti]) floats may be retained. Metal covered wings will 
only come slowly as the skin is disp(^sed so that its weight is utilized to 
develop strength. Maintenance problems will also keep the cloth covered 
wing alive for years to come. Metal framed wings will soon be common. 
The hull will carry the em])ennage (tail surfaces). It will have hollow “V” 
lines at the bow, to form a good cruising bow, with good freeboard. It will 
have not more than two steps. The hull will be framed and plated with 
metal; alloy steel or aluminum alloy. It will be well subdivided and may 
incorporate double bottoms. 

The fuel will gradually change from gasoline to heavy oil as Diesel type 
engines arc developed. In the larger sizes, auxiliary engines may be employed 
for the handling of anchors and lines, drainage, lighting, signaling and i>ropulsion 
afloat. On passenger planes, life rafts will be carried. Cruising speed will be in 
the neighborhood of 100 miles per hour. Landing speed will be under 50 
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miles per hour and maximum speed above 130 miles per hour. Cruising 
will be possible with one engine cut out. Pairs of engines will be frequently 
employed in tandem. High lift wings, with some form of flap to reduce 
landing speed, will be employed. On larger planes power will be used to 
operate the controls which also may be stabilized. Navigating equipment 
will include turn indicators, induction compasses and the usual position 
finding equipment. 1 he prime rccpiisite to development is demand, and 
demand rests upon dependability, wdiich in turn means regularity'' and reli- 
ability. 

Navy PN Series. — A very interesting series of boat-seaplane designs 
originated in the L idled States Navy and these craft have much to com- 
mend them for the work they were designed for. 1 hey were built at the 
Naval Aircraft baclory, JMiiladelphia, Pa. and are a develojmient of the 



Fig. 342. — U. S. Navy P. N. 9 Boat Seaplane Going Up for a Scouting Trip. 


F-5-L navy flying boats that have received such wide api)licati()n in our 
Navy. The PN-7, which is shown at Fig. 341 uses a hull similar to that of 
the F-5-L but has a imicli cleaner wing- construetioji with high lift wdngs 
and two Wright T-2 engines. The designation means that the PN-7 is a 
patrol plane designed by the Navy and the scventli of the scries. The 
writer is indebted to the Bureau of Aeronautics, United States Navy for 
the following description: 

The PN-7 is a twdn-motored boat seaplane having a designed gross load 
of 14,800 pounds, a maximum speed of 105 miles ])cr hour, a stalling sjieed 
of 58.2 miles per hour, a service ceiling of 8, OCX) feci, and a climb in ten min- 
utes of 4,300 feet. The propelling machinery consists of Wright T-2 en- 
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gines built by the Wright Aeronautical Corporation of Paterson, N. J., and 
rated at 525 horsepower at 1,800 r.p.m. 


General Dimensions: 

Length overall, feet and inches 49-0”/« 

Height overall, feet and inches 18-154 

Span upper wings, feet and inches 72-10 

Span lower wings, feet and inches 72-10 

Chord (both wings), feet and inches 0-0 

Gap, feet and inches 0-4 

Incidence (both wings), degrees 2 

Stagger None 

Dihedral (lower wing only), degrees 3 

Wing section : USA-27 

Area of upper wings (including ailerons), sciuarc feet. . 675 

Area of lower wrings, square feet 545 

Total wing area, square feet 1220 

Ailerons (total area), square feet 120 

Stabilizer, square feet 121 

Elevator, square feet 55 

Fin, s(|uare feet 54 

Rudder, scpiare feet 42 


Engines (2) Wright T-2, 525 B.H.R at 1800 R 1\M. 

Propellers. ... D=10 feet 6 inches, P—5 feet 6 inches. 

C. (t. Location: variable with load, from 32 per cent to 
34 per cent of mean chord. 

Normal stabilizer setting 0 degree to thrust line. 

Condition of Loading : — The conditions of loading ready for service in every 
resi)cct, with full complement of officers and crew \vith their effects and 
consumable load is tabulated below for two conditions of operation, bomb- 
ing and patrol. 


Weight 

Ihnnher 

Patrol 

Dead load 

9850 

9850 

Oew^ (4) 

720 

720 

J'uc! 

2046 

2857 

Oil 

104 

194 

Flexible guns, etc 

265 

265 

Rornhs 

loos 

0 

Radio and accessories 

285 

285 

Navigational equipment 

35 

35 

Miscellaneous 

210 

210 

(iross load 

14670 

14,416 

J'onnds s(|uarc feet 

12.02 

11.82 

Pounds i)cr B. 11. P 

13.97 

13.73 


Coinplcmcnt : — The complement consists of four men; the first pilot, the 
relief pilot, a mechanic-gunner, and radio operator. 

Armament : — The armament consists of: 4 Lewis guns, 12 Lewis gun-97- 
round ammunition boxes, and 1 Colt revolver with 28 rounds of ammuni- 
tion; 1 bomb sight, 4 bomb gears and bombs of type prescribed. 

Anchor Gear : — The anchor gear consists of one 80-pound anchor and 
about 25 fathoms of line. These are to be carried only when necessary. 

Fuel Sl 07 va(/c:— The total ga.solinc capacity is 489 gallons and the fuel is 
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stowed in five tanks. One hand gas pump and two windmill pumps are 
fitted. These deliver gasoline from the tanks to a gravity tank in the 
center section of the upper wing whence it flows by gravity to the carbure- 
tors and, through a sight-feed glass in the overflow line, back to the tanks. 
The total lubricating oil capacity of 30 gallons is carried in two tanks, one 
in rear of each engine. 

Communication Equipmoit : — The following communication equipment 
is installed: One radio set with directional compass: one inter-communi- 
cating set; 1 Aldis lamp; 1 Very pistol and ammunition; hand semaphore 
flags. 

Navigating Equipment : — The following navigation equipment is in- 
stalled : Drift indicator, compass with azimuth circles, chart board and 
charts, sextant, torpedo boat watch, universal drafting machine, instru- 
ment case, and navigation books. 

Miscellaneous : — Miscellaneous equipment is provided as follows: Bilge 
pump, discharge and suction hose with strainer, hand fire extinguishers and 
pressure Pyrene, tool kit, canvas bucket, first aid kit, parachutes, life 
jackets and emergency rations. 

Development of the PN-10 Flying Boat. — Experience gained from the 
Navy’s experimental rN-9 “flying boats’" has resulted in a further develop- 
ment of this type of patrol airplane — the PN-10. These new biplane, trac- 
tor, boat seaplanes, with their two Packard 600 horsepower engines, are 
being built at the Naval Aircraft Factory, Navy Yard. Philadelphia. They 
are a development of the old wartime “flying boat,” the F-5-L which is still 
in service. This design can be traced back to the “America,*’ the first two- 
motored flying boat in this country, which was built at the Curtiss plant, 
Hammondsport, New York, and completed in July, 1914, when she made 
a flight with ten men aboard — a record for passenger carrying. She was 
supposed to make the first transatlantic flight in October 1914 and was to 
have been piloted by Lieut. J. C. Porte of the British Navy, l.ater the 
“America” was purchased by the Ib’itish Navy and used in training pilots 
for the Royal Naval Air Force. Th^ F-S, developed by the British was un- 
doubtedly an outgrowth of the trials made with the “America.” Then 
came our Navy F-5, built for the famous Liberty Engine, and called the 
F-5-L. 

These airplanes have made many interesting long-distance flights, the 
first of importance after the war being at the end of 1919, when Lieutenant 
Commander B. G. Leighton, now Aide to the Assistant Secretary of the 
Navy for Aeronautics, was in command of six F-5-L flying boats which 
made a West Indies cruise from Philadelphia via New York in connection 
with the winter maneuvers of the Scouting Fleet. This cruise of 1 3,000 
miles was made without a single mishap. The total mileage of these six 
planes Avas 71,545, nautical miles and the total flying time was 1,920 hours. 
The following winter twelve F-5-L flying boats made a 3,200 mile flight 
from San Diego to Canal Zone under the command of Captain Mustin. 
Next came the F-6-L with minor design experimental changes. Then came 
the PN-7 with the conspicuous changes in the installation of the new higher 
powered engines in the graceful streamlined engine nacelles, which greatly 
reduced the resistance of the airplane. Another move to lessen the re- 
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sistance was the reduction of the iiiterplane rig^g^ing. The least conspicuous 
change, but perhaps the most im])ortant, was tlie change to a high lift wing 
section, decreasing the span and area. By these alterations, speed, effi- 
ciency, and lifting capacity, which is of such great importance, were all 
greatly increased. 

The next step — the PN-8 — was to try an all metal hull. This gave a 
saving in weight of about 500 pounds and eliminates soakage in service. A 
few minor improvements in design were made, and all metal empennage 
was added, and the two now famous PN-O l)oat seai)lanes were ready to 
start on their Hawaiian flight under the command of the late Commander 
John Rodgers. I'he changes from the PN-0 shown at Fig. 342 to the PN-10 




Fig. 343. — Front View of U. S, Navy P. N. 10 Boat Seaplane Making a Landing at 
Bottom and Rear View of the Same Plane at Top Just before Taking-off, 

shown at Fig. 343 (Airplanes A-7038 and A-7020) will not be visible to the 
casual obser\'er, but to Ihc designer and engineer they are of great im- 
portance. "Jdiere is a difference in the Aving setting of the two models — 
increasing of the angle of incidence from two degrees to four degrees. A 
model of the PN-^i with increased setting Avas run in tlic Avind tunnel and it 
was found that the stalling angle of this t}])e air])lane Avould occur at 20 
degrees, Avhereas the ]'-5-L ty])e stalled at 16 degrees. This necessitated 
certain design changes in the tail group. The normal setting of the hori- 
zontal stabilizer Avas changed — an increase of 2 degrees, from 1 degree 
45 minutes to 3 degrees 45 minutes; a decrease in the area of the rudder 
balance from 4 square feet to 3 square feet. There Avere many minor 
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changes in the internal hull construction, increasing of the “water-tight- 
ness"’ and lowering the gun ring flush with the deck. The pilot’s cockpit 
opening has been extended forward about eight inches to allow better ar- 
rangement of the cockjHt, which has been enlarged, and slight changes 
made to improve the visibility. The radiators have been completely re- 
designed and increased to 60 gallons each. 

The new Packard 2A-1,500 engines have increased the ]^ower from 500 
horsepower at 2,100 r.p.m, to 600 horsepower at 2,500 r.p.ni. Metal pro- 
pellers have been su!:)stituted for the wooden propellers used on the PN-9s, 
lessening vibration and increasing performance. The gasoline tanks are 
similar in size and arrangement to those of the PN-9 with the addition of a 
70 gallon tank under the pilot s seat, giving a capacity of about 1,330 gal- 
lons. There is storage space in the hull for the carrying of extra five gal- 
lon cans if desired. An idea of her size may be had from her dimensions. 
Her wing s])an, or Avidth, is nearly 73 feet; her length slightly over 49 feet, 
and her height is about I6J/2 feet. As a service plane she is designed to 
carry a crew of five with a full load of 18,000 pounds; l)Ut she was flown 
in tests Avith a full load of 21,000 pounds, giving her a useful load of 
approximately 11,800 ])ounds. 

Boeing PB-1. — This is a patrol type boat seaplane designed and built by 
the Boeing Aircraft Factory, Seattle, Washington for the United States 
Navy and is illustrated at Fig. 344. The data furnished by the makers 
follows: 

The arrangement of the hull is very similar to that of the PN-9, In the 
bow is the navigator’s compartment, a small si)ace so fitted and ecpiipped 
that the navigator can make observation of both celestial and terrestrial 
objects to obtain the shii)’s position, the course to be steered and all other 
vital factors which are idotted on a chart board within the compartment. 

Behind the navigator’s compartment and adjoining by a small door, is 
the pilot’s cockpit avcII forAvard in the hull and ecjnii>i>ed with dual control. 
As in the PN-9, the gasoline tanks are situated in the center portion of the 
hull aft of the pilot’s cockpit, together Avith the mechanic’s station, behind 
which is located the radio compartment, the equipment of which is similar 
to that on the PN-9. 

The plane is slightly larger than the PN-9 in construction, having a full 
load weight of 24,000 of which 12,531 pounds or 52.3 per cent is useful load. 
The wings have a total area of 1,301.5 square feet Avith a si)an of lK)th upper 
and lower wings of 37 feet 6 inches, and a chord of 11 feet. The gap be- 
tween the wiitgs is 13 feet 5 inches, and the set angle of incidence is zero. 
There is no stagger or sweep back and while the upper wing is flat there is 
a dihedral of 4 degrees on the lower. 

The hull of the PB-1 is of the NC type with an F-5-L tail. The con- 
struction of the hull is one of the outstanding features of the plane, it being 
constructed of duralumin up to the Avater line, aI)nA'e Avhich is plywood, this 
unique design reducing the weight and eliminating much soakage. 

The design of the PB-1 incorporates several outstanding features, im- 
portant among Avhich is the placing of the two 800 horsepower Packard en- 
gines in tandem between the Avings, thus enabling one of the engines to be 
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shut down for minor adjustments when in flight. Each engine drives a 
four bladed propeller built by the Hamilton Propeller Company. 

The characteristics of the PB-1 are especially interesting when com- 
pared with those of the historic NC type which made first transatlantic 
flight in 1919. The weight of the NC was 28,000 pounds and its range in 
the neighborhood of 1,600 miles, whereas the Boeing PB-1 has a fully loaded 
weight of 25,000 pounds and a range of 2,500 miles, nearly 1,000 miles 
greater. Further, the NC wing span was 126 feet while that of the new 
PB-1 is but 87 feet 6 inches. Of the total weight, 11,000 pounds can be 
carried as fuel, representing nearly 1,800 gallons of gasoline. Five men 
compose the crew of the plane, though accommodation is available for 
seven. The ])lane has a maximum speed of 125 miles per hour, a stalling 
speed of 66 miles per hour and a cruising speed of 80 miles per hour, and is 
able to climb to 5,000 feet altitude in 10^ minutes. It can remain in the 
air full speed 11.9 hours or at cruising speed 23.7 hours. 

Requirements of Navy Seaplanes. — In a discussion of Development of 
Naval Aeronautics, before the S. A. "E. Commander H. C. Richardson, 
U. S. N. outlined some of the requirements of modern seaplanes and flying 
boats used by the navy. The demands made upon airplanes of all classes 
are continually becoming more exacting, said Commander Richardson. 
They must carry more and heavier bombs, machine guns, ammunition and 
radio sets; must go faster, climb higher and remain in the air longer; must 
be designed for minimum structural weight yet sturdy enough to withstand 
landings and take-offs in heavy seas and to ride out storms at buoys; must 
be braced against the high acceleration of catai)ulting and the deceleration 
of deck landings; must be easily maneuverable; have a minute turning- 
circle, a quick take-off and slow landing s])ee(l ; must go into a tail spin 
easily and come out of its own accord; must have sufficient stability to fly 
‘'hands off’ yet must answer its controls with lightning sj^eed and precision; 
must have amj)le space for the comfort of each member of the crew and un- 
obstructed vision in all directions; must protect the jiersonnel against in- 
jury in case of possible crashes; and must have reinforcements and braces 
so that heavy-footed mechanics can clamber about it without damaging it 
unduly. Bombing airplanes must have all the instruments for discharging 
bombs arranged in orderly fashion and readily accessible behind a glass 
window fitted with a windshield wi])er; must carry parachute flares, land- 
ing-lights, smoke bombs, baggage of the crew, emergency rations, anchor 
and line, engine tools, and si)are jiarts; must have folding wings to allow 
ready stowage aboard ship; and must allow rigging for flight in 3 minutes. 
When rigged the total wing-s])read must not exceed the dimensions of the 
elevators used to hoist the airplane to the flying-deck of the carrier. The 
hull or floats of flying-boats must not soak up water, when anchored for an 
entire season, yet, if made of metal, must not corrode. 

The power plants, including not only the engine and propeller but also 
the fuel, oil and water systems with all tanks, pumps, piping, coolers, and 
heaters, continued Commander Richardson must fulfill many requirements 
also. The engine must weigh not more than 1^ pounds per horsepower 
yet must be rugged enough to run 300 hours between overhauls without 
breakdown, though running a large part of the time at nearly full power. 
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The fuel, oil and water pumps must be light, compact and reliable. The 
propeller must be thin enough to be light and efficient, yet must withstand 
the attacks of spray and rain. The fuel and oil tanks must not leak under 
constant vibration, must be made of a material not affected by benzol or 
ethyl fluid, yet they cannot be of copper or tinned iron, because these mate- 
rials are too heavy. A device must be provided for heating the oil quickly 
when starting, yet must keep the oil cool during flight. The radiator must 
be of the lightest design yet leak])roof, must be located where it will pro- 
duce the best cooling yet not interfere with the pilot's vision or cause undue 
air-resistance or be a menace to the pilot in a crash. 

Where Progress Is Being Made. — Progress has been made, he said, 
along three princi])al lines: aerodynamics, structure and suitability for the 
purpose intended. Advances in aerodynamics have consisted mainly in 
refinements of details and ingenious rearrangements of wings, control sur- 
faces and their bracing. In structural progress, the trend has been toward 
the substitution of metals, such as duralumin, for wood. 

In adaptation to specific purposes, Commander Richardson explained 
that the five classes of air])lanc being developed for the Navy comprised 
airplanes for training; for fighting or pursuit; for gunnery observation or 
short distance scouting ; three purpose airjflanes for torpedo dropping, 
bombing and long distance scouting; and patrol airplanes. Development of 
the engine and of the ])owcr plant accessories has resulted in decreasing the 
weight of the engine; in increasing its power, reliability and riiggedness; 
and in the use of supercharges and metal pro])ellers. Experiments now 
being made in aeronautics arc along the line of reducing the take-off and 
landing speeds, of reducing the drag in seaplanes by designing floats offer- 
ing less air resistance, of operating the control levers by motors in much the 
same manner as the steering gear of ships is now operated, of developing 
some process for ])revcnting the corrosion of duralumin, of using adjustable 
pitch ])r()])ellers or supercliargecl engines, and of reducing the excessive air 
resistance and weight of large water-cooled engines by a method of steam- 
cooling. 

Looking into the future, Commander Richardson said that the tendency 
is to abandon the float ty])C, or sca])Iane, in favor of the hull type, or flying 
boat, because of the greater scaAvorthincss of the latter. The three purpose 
airplane will prol)ably be superseded by three distinct types as the num- 
bers of aircraft in the Navy increases, in other words, the scouting Avill l)e 
done by amphibians of long range, the bombing by land airplanes of good 
climbing ability, and the torpedo launching by flying boats of high speed. 

Giant Flying Boats. — It is difficult to predict just how large airplanes 
of the boat tyi)e can be built in the future and various designs arc projected 
that are of much greater size than anything that has been built to date. 
The Dornier SuperA\'al commercial scai)lanc shown at Fig. 345 is an exam- 
ple of a large craft of this character. It carries 21 passengers and a crew 
of four, cemsisting of two pilots, one mechanic and a radio operator. It is a 
braced monoplane type, the hull being supplemented by sponsons of aero- 
foil section at each side that assists in keeping the hull afloat when on the 
water and Avhich contribute useful lift Avhen in flight. There are two 
zabins, separated by a baggage hold, the front cabin seating 13 passengers, 
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Fig. 345. — Dornier Superwal all Metal Commercial Boat Seaplane of the Monoplane Type Carries Twenty-One Passengers and Crew 
of Four. It is Equipped with Two 650 Horsepower Engines, Mounted Tandem above the Supporting AerofoiL 
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the aft cabin having accommodations for 8 people, two Rolls Royce engines 
of 650 horsepower each are carried in a nacelle above the wing structure. 
The maximum speed is 118 miles per hour. It has a span of 94 feet and a 
chord of 18 feet. The main wdng has an area of 1,539 square feet. The 
weight empty is 12,840 pounds, loaded 20,800. The loading is 16 pounds 
per horsepower and 13.5 pounds per square foot. The construction is all 
metal. The overall length is about 88 feet. 

In order to build very large seaplanes, constructors have proposed to 
do away with the airplane wing as such and to use a central, hollow body 
of metal having wing like or aerofoil section extensions capable of exerting 
lift when in the air. The only external projections would be the floats or 
hulls and the necessary control surfaces. As these craft would be of very 
large span, double hulls might be provided. The crew, passengers, engines 
and fuel would be contained in the hollow metal structure, vvdiich being of 
aerofoil section and consequently self-lifting, would serve the double pur- 
pose of hull and wing. By using an all metal construction, the giant sea- 
plane might be built lighter than would be possible with wood or com- 
posite wood and metal structures. 

Superboats by Junkers, Rumpler and Ricci Bros. — Superboats are in con- 
struction intended to carry 100 passengers and <lriven by 12 large engines. 
Professor Junkers is said to be assembling main sections at Dessau, Ger- 
many, of a large seaplane that is reported to have one tremendous aerofoil 
of monoplane form 240 feet in span, and that will be driven by engines 
totaling 4,000 horsepower. It is estimated that it will be able to fly at a 
speed of 135 miles per hour when carrying as many as 112 people. 

Dr. Rumpler, another of the most successful of the German airplane 
manufacturers is also working on a large seaplane that will incorporate 
new principles in structural design and Aveight distribution. He claims 
such a shi]) will be able to fly from Berlin to Rio de Janeiro, in about 80 
hours allowing for stops. Steamships require 3 weeks to make this trip. 
Another journey in which the time will be greatly reduced is from Ham- 
burg to New York which will require 36 hours, including a 5 hour stop-over 
at the Azores Islands. The new Rumjder craft is to liave 10,000 horse- 
power, obtained from 10 motors of 1,000 horsepoAver each. It will carry 136 
])assengers, nearly 7 tons of freight or baggage and 86,4CX) pounds of fuel 
and oil. The speed wn'll be 270 kilometers per hour or about 128 miles per 
hour. 

The Ricci Brothers, Italian constructors, ])roposc to build a quadruplane 
to carry 150 people and 14,000 pounds of cargo, equipped with eight 600 
horsepower twelve-cylinder V engines. 

This giant is to have wings with steel spars and duralumin ribs surfaced 
with nickel-chrome steel; tail and control surfaces arc the same. Its en- 
gines are located in couples at the front and back of the nacelles and trans- 
mit power independently of each other to two metal four-bladed tractor 
screws and to two propellers. These nacelles are on the second plane, 
counting upward, and in the same vertical plane as the two floats which 
contain the tanks for fuel, etc., and at their extremities carry a biplane tail. 
The center parts of the nacelle form the engineer’s cockpits, and the vessel 
will be controlled from the center bridge above the second floor of the 
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saloon, which is of the height of the gap between the planes, and the floor 
of which is on the level, or will actually be part of the center section of the 
second plane. A 4,000 horsepower triplane, which seems to be a sort of 
aerial barge, has also been developed. This has two sets of planes parallel 
with each other hut not in the same horizontal plane, the rear set being 
placed at the distance of their chord from the front set, but appreciably 
higher — that is to sa}", farther from the boat body. All six wings have 
rounded ends at the entering and much swept ailerons at the trailing edges. 

Amphibian Planes. — One of the major problems confronting the aero- 
nautical engineer and demanding solution is the removal from the airplane 
in a practical way of the limitation of landing conditions due to having sea- 
planes that arc unfit for use over land and land airplanes that are totally 
unfit and dangerous for use over water. Spreading like an ocean over 
every locality as it does, the air is claimed by many to be the great future 
highway for quick trans|)ort and yet, after 20 years of intensive airplane 
development, we are only now beginning to realize the full significance of 
the development of amphibious airplanes. Until we endow the airplane 
with the facility of landing and of starting anywhere, we limit and restrict 
it at the start and fail to provide it with its most essential fundamental as 
a vehicle suited for universal usage. 

One of the ])imiecr American aeronautical engineers, Grover C. Loening, 
M. S. A. E., in a paj^er read before the vSociety considered the subject of 
amphibian air])lane development in an authoritive manner and inasmuch 
as he is the designer of one of the most practical planes of this type yet 
evolved, the Avriler feels safe in i)rescnting portions of Mr. Loening’s dis- 
course and using the Loening Amphibian as a typical modern example of 
this type of construction, lie said in part : 

‘^The delay or lag in the development of amphibious airplanes a few 
years ago was due to the simple fact that the general trend of development 
had been the obvious one of adding wheels to a flying boat or floats to a 
land airplane, the net result being that no improvement was made to either 
and complication, head resistance and weight were added. Therefore, to 
the critical air ])ilot who finally had the vsay regarding what types achieved 
success, the amphibious airplane had come to mean a heavy cumbersome 
'crate’ and, in almost eveiw case, for years, its development had meant 
merely that a good seaplane was spoiled by trying to add wheels to it, or a 
good land airplane was made more cumbersome by trying to make it over 
so that it would float. The development of the Loening Amphibian started, 
therefore, with j^erhaps the first definite recognition that to make amphibi- 
ous airplanes successful required the initial design of a totally new type of 
airplane, amphibious in its very inception and complete in proper char- 
acteristics for land or for water operation from the very start. That we 
have apparently succeeded in building a fundamental type of airplane that 
has reopened the entire field of use of amphibians probably is due to recog- 
nizing this necessity. The air pilot has been pleased simply because noth- 
ing has been sacrificed in performance or handling and, fortunately, in this 
new type, a strictly land type of airplane has been obtained which has ex- 
ceptional qualities of its oavu, were it never to see the water, and a desir- 
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able tractor type of flying boat long sought after and full of seaplane ad- 
vantages has been developed were it, in turn, never to see the land. 

Disadvantages of Old Amphibious Designs. — In general, we can sum- 
marize the disadvantages of the general amphibian developments that had 
taken place up to the advent of our new type, to consist essentially of the 
following points : 

(1) Poor flying qualities. Slower and heavier handling as a seaplane 
and more head resistance in the air and on the water, due to the ex- 
ternal attachment of the landing gear. 

(2) Dangerous as land airj)lanes, particularly in the flying boat types of 
am])hibian in which the engine is over the crew. The wide distribu- 
tion of heavy weights, with the crew located in the bow of the air- 
]flane, constitutes a distinct menace over land. In addition, the 
propeller at the rear is a danger, and the weight being very much 
liigher off the ground leads to difficulty in handling. 

(3) The amjihibious construction had not given any mutual advantage 
either to the land or the sea])lane types. 

(4) Poor efficiency and maintenance, and therefore highly expensive op- 
eration and less ])erformance. 

This was the situatic)n as ve analyze<1 it several years ago and, fortu- 
nately, the successful development of the inverted Libcrty-12 engine at 
McCook Field late in 1023 gave us a s])lendid ])ower j)lant of the type for 
which we had been clamoring so long a time; so, we ])roposcd to the Army 
Air Service the construction of this new and novel type of tractor amphibian 
with the hull and body comi>lete as a unit, using an inverted engine with 
the ])ropeller tlirust at the e\treinc top of the body as shown at Fig. 346.” 

Loening Amphibian Has Excellent Performance. — iVIr. Loening states 
that with the same power plant as used on the DII airplane and with an 
additional weight of from 100 to 200 ])ounds, this amphibious flying boat 
could out-climb, out-inanoeu ver and out-speed the DII airplane in every 
item of performance and that this was the first time any seaplane had per- 
formed better than a land plane, ddiere is no fundamental waste of weight 
or duplication in the design, and even the external part of the landing gear, 
the wheels and the small elements fastened to the eelges of the hull, amounts 
only to about 180 pounds, all the interior hull framing being required in 
any case as part of the suiq)ort of the airplane on the ground. The greatest 
practical advantage to the airplane has been found to be the extraordinary 
amount of room in the unit body and hull. This type of airplane has been 
looped and s])un and stunted in exactly similar manner and as easily as the 
best land airplane of equal weight. 

Interesting Structural Details. — Among the interesting and important con- 
structional details, mention should be made of the electrical operation of the re- 
tractible wheel landing gear, which takes only 4 or 5 seconds, and the hull 
construction that is entirely metal covered throughout, using duralumin, which is 
fastened by duralumin bolts to wood(‘n stringers, giving a remarkably water-tight 
and serviceable job. Great care is taken to separate the duralumin sheet and 
the wood by a layer of fabric impregnated with bitumastic. The use of 
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bolts instead of rivets or wood screws is the result of a very careful study 
and is particularly desirable in that it makes the protection of the bolt 
against corrosion in salt water much easier, because each individual bolt 
can receive numerous coatings of enamel or bitumastic, if desired and, in 
being fastened to the hull, it is not hammered like a rivet and therefore is 
not likely to lose its heat-treatment against corrosion. Up to now, only 
one coat of bitumastic has been used on the bolts, and airplanes that were 
5 months out at sea with the Navy’s Arctic Unit and subject to severe 
weather conditions, came back in remarkably good condition. However, 
any amount of protection can be given the bolts, which is not true of rivets. 
The wood frame seems to have enough resiliency to take up the severe 
local strains of the land operation of this airplane to prevent leaks from 
developing, which has always been a serious cause of trouble in amphibians. 




Fig. 346.— Plan, Elevations and Perspective View of Loening Amphibian Airplane 
Used by United States Army and Navy, the Most Recent Development of this Type 

Aircraft. 

The wing structure is metal framing, covered with linen. The ribs are 
made of duralumin l)y a macliine-tool process, specially developed in our 
shops. Talkie XXil gives comparative weights and performances for sev- 
eral types of amphibian. From this it will be seen that, although its safety 
factor is considerably higher than that of any of the airplanes listed, the 
Loening Amphibian is 10 or 15 per cent lighter than any of the older types, 
none of which, however, are l)uilt in any way of metal construction. This 
new type of airplane, shown in Fig. 346 has l)een ordered by the Army Air 
Service, by the Bureau of Aeronautics of the Navy and by the United States 
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Marine Corps for a wide variety of uses. It is an excellent airplane for 
photographic purposes ; it is useful as a coastal reconnaissance airplane and 
is an ideal cross-country machine, as well as being a type that is suitable 
for use from shipboard on aircraft carriers. Evidence of the versatility of 
this type of airplane is found in the records of expeditions and in cross* 
country trips already made within the past two years. 

In cross-country flying, we hardly need argue the enormously greater 
factor of safety due to having double the possible landing places in case of 
emergency. In fact, even a greater element of safety exists since, in thick 
weather, river courses can be followed in many sections with ability to land 
at almost any time. We talk of map])ing out airways, and yet, so far as 
amphibians are concerned, we cannot have finer airways than wc have on 
the Coast, marked as they are so distinctly that one cannot miss his way 
in thick weather, nor can we have better lines of travel than over the Hud- 
son, the Ohio, the Mississippi, the Missouri, and other rivers. There are, 
therefore, three cardinal advantages of the amphibian for commercial work. 
First, time is saved by having the terminal at the city all ready-made for 
it; second, danger of cross-country fl 3 ung is greatly lessened by the use of 
this type; and third, money is saved to commercial enterprise by not need- 
ing extensive landing field property acquirements. 

TABLE XXII 


Characteristics of Various Aniphihiaii Planes 


Airplane 

Type 


V 

o, 

H 


c 




M 


Sperry Triplanc 

Fairey 

Vickers IV 

Superniarine Scarab 

Schrcck FBA 

Loening Amphibian 


Liberty-12^ ... 
Napier Lion.. 
Napier Lion.. 
Napier Lion. . | 
Tvorraine . . ! 

Inverted ... 





a 

■ 

.c 


d 

C" 

(A 


£ 

W 

I - 

Load, 

g., V 

ft? 

_ c 

f 

i 

o 

a 

V 

V. 

cP 

bo 

•3TJ 

o 

’a 

be ui 

yo 



in 





— 



- - 


r ■■ 

_ 

500 

678 

48 

4.190 

1,345 

5.544 

15 0 

450 

488 

46 

3,900 

i 1.600 

5,500 

12.2 

450 

635 

50 

4,030 

1,760 

5,790 

12 8 

4S0 

605 

46 

4.125 

1.875 

(.,000 

13.3 

450 

535 

47 

4.150 

1,900 

6.140 

13 5 

400 

504 

45 

3,400 

1,800 

5,200 

13 0 


3 


u o 

c ° 
bf 

'Z 3 
> ^ 


H 0 
11.2 
1 

10 0 
n 3 
10 3 


Z • 

xAh* 

bo 

Up. 


85 

108 

105 

103 

109 

124 


9,000 

13.000 
13,00(1 

11.000 
1 1,000 
15,000 


The Autogiro Rotating Wing Airplane. — This unusual machine, sIioami 
at Fig. 347, while it has the a])pearance of a helicopter, it operates more 
on the principles of flight that goverji the sustentation of airplanes. The 
machine has a fuselage with engine and propeller like a conventional plane, 
l)ut instead of having fixed wings, it is sustained by a four-bladed air screw 
supported on a mast above and in front of the pilot. This wind vane is 
not driven by the engine, but rotates freely because of the pressure of the 
air slipstream of the propeller. 1 his machine was invented by Sefior Juan de 
La Cierva and has been tested and flown in France, Spain and England. 

The machine is based on principles entirely different from those fol- 
lowed in the construction of helicopters. A helicopter is sustained in flight 
by a lifting propeller, which an engine causes to rotate in a horizontal 
plane and it '‘lifts ofF’ vertically. In the Autogiro, the big four-bladed pro- 
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peller is not actuated by any power plant, but, instead it is made to turn 
freely on its bearings. Consequently, this '' screw” is actually a wind vane, 
which operates like the little propellers used to actuate the fuel pumps of 



F'ig. 347. — The Autogiro Revolving Wing Airplane Differs Radically from the Usual 

Design. 

aircraft engines, that is, it is the relative wind created by the forward mo- 
tion of the airplane that causes it to revolve. 

On the Autogiro, the big wind vane is mounted in ball bearings and is 
not controlled in any manner by the pilot. The blades of the vane -are set 
at a fixed angle of incidence relative to the axis of rotation, but they are 
hinged to the bearing shaft in such a way that in flight they place them- 
selves according to the resultant of their lift and centrifugal force. 

The mechanism, which is used to equalize the loadings between vanes, 
IS nothing but a free hinge at the inner end of the spar of each vane. The 



Fig. 348. — Diagrams Showing Principles of Sustentation by Revolving Wings Em- 
ployed in La Cierva Autogiro, an Unconventional Type of Aircraft. 

hinge would permit the vanes to fold downwards, were they not supported 
from above by wires and rubber shock absorbers. The vanes are perfectly 
free to fold upwards. The angle of incidence of the blades is fixed, but 
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incidence adjustment is secured automatically in the method of hinging 
the vanes. If a pair of vanes are considered when the spans are fore-and- 
aft, air speed is due to rotation only. As the vanes revolve, the air speed is 
increased by the forward speed of the machine and this tends to augmen 
the life on the aft vane. The vane folds up and decreases the incidence. 
The forward vane, has its air s])eed decreased as it moves around and as it 
falls, it increases the incidence. 

Principles of Autogiro. — The principles of operation may be more easily 
understood by referring to Fig. 348. Experiments made with a stationary 
propeller exposed to an air current in the position A, show that the blades 
have a resultant R which makes an angle with the propeller shaft. The 
resultant P of the opposite blade (position P>) has always a smaller angle 
than A or is negative. Therefore, a rotation is established by the propeller 
in the sense of the arrow. The speed of rotation will increase until the 
resultant of R and P is parallel to the axis of rotation of the propeller. The 
whole lifting body does not transmit to its shaft any ttirrjne except the one 
produced by the friction of the bearings, which can be neglected, elimi- 
nating, therefore, the necessity of using tw^o propellers. 

However, the resultant velocity of the blades relative to the air in posi- 
tion A is greater than in B and its life wdll be greater also. Therefore, the 
total resultant of this propeller wdll not pass through its center and the 
whole system will tend to bank. This banking effect has been overcome in 
the Autogiro by fixing the blades to the shaft by means of a hinge, which 
permits them to set themselves automatically in the resultant position of 
the centrifugal force and the lift. In this w^ay, blade A wdll bank slightly, 
while blade B will remain horizontal and the total resultant of the lifting 
propeller wdll alw^ays pass through its center. 

The velocity of the blades relative to the air is much greater than the 
translational speed of the whole machine. The angle of attack is a function 
of the translational speed of the machine and the angle betAveen its direction 
of motion and the plane of rotation of the blades. This allow^s a much 
greater range of speeds and angles of flying t(^ the wdiole machine, and will 
permit landings in very small s])aces without horizontal motion. The 
Autogiro weighs about 8tS0 ]X)unds empty and 1,100 pounds loaded. The 
horizontal speed attained is from 38 to 55 miles ])er hour. The rotational 
speed of the lifting vane is about 140 r.p.m. in horizontal flight. The de- 
scending speed in vertical landings ivS*of about 6-10 feet per second. The 
control of the machine horizontally is by means of the usual vertical rudder. 
The elevators operate to control the machine in a vertical plane just as in 
more conventional craft. Out riggers extending from the sides of the fuse- 
lage carry ailerons for lateral balance and these are controlled just as in an 
airplane. To start the machine, the wind vane is set to rotating by means 
of a mechanic who pulls a rope wound around a suitable frame, this spin- 
ning the W'dngs, after wdiich they wdll be kept in motion by the air stream of 
the propeller. It is stated that in making a forced landing with the "'stick" 
dead that the vanes continue to rotate and act to retard fall of the plane due 
to the gravitational pull and the machine is said to be abnost stall proof. It 
is still in the experimental stages and its development is being eagerly 
watched by aeronautical engineering circles. 
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Helicopter Principles. — Two other classes of heavier-than-air craft have 
been experimented with besides the airplane but these have not met with 
great success. On type, known as the *‘ornithopter” we can dismiss with 
very few words as while this machine offers interesting mechanical prob- 
lems for solution, its ])ractical application has been nil. This general class 
includes all machines that hope to rise and sustain flight by wing flapping 
mechanism so that they will fly as the smaller birds do. It is difficult for 
man to devise mechanism that will be simple and reliable that will dupli- 
cate the complicated compound movements of the internal structure of a 
bird’s wing that are necessary to secure sustentalion and flight combined 
with a degree of directional control at the same time. 

The helicopter classification includes all machines which are to be lifted 
and sustained in the air solely by rotating air screws. The lift is secured 
l)y the lift reaction or thrust of the propeller blades rather than by air 
acting on planes or aerofoils inclined at an angle to the direction of motion 
of the machine. The helicopter idea is as old if not older than the airplane 
and thousands of small toy helicopters ascended into the air long before 
airplanes did, though the airplane in the form of a kite is probably the old- 
est flying machine because of the ex])eriments carried on centuries ago by 
the Chinese. The advantage claimed for the hclicojiter over the airplane 
must he in its ability to rise and descend vertically and to hover over a given 
spot. As far as our present knowledge of helicopters is concerned, its 
ability to maintain itself in the air is due entirel}" to the power of the engine 
and should the ]Kn\'cr plant fail, the machine would come down very fast 
unless its descent was checked by some auxiliary such as a parachute or 
allowing the ])ropellers to rotate so they would offer some degree of re- 
sistance to ini])ede a too ra])id fall. 

Many Problems To Be Solved. — Space is not available in a treatise of 
this nature to discuss all of the engineering and mechanical problems that 
must he solved before the reliable helicoj)tcr is finally devised, but some 
of the most im]){)rtant can 1)e given brief mention. Helicopters have been 
devised that have ascended vertically and some have maintained their posi- 
tion in the air for as much as an hour. Flights in a horizontal direction 
have l)een only a few hundred yards. A helicopter of American design and 
construction built by Emil l^erliner and his son Henry, in Washington, 
D. C. may be taken as showing- how such machines are constructed. It is 
shown at Fig. 340. It comprises a fuselage similar to that used on air- 
planes, this having two propellers mounted on outriggers and driven by 
suitable gearing. The main air screws are 14 feet 10 inches in diameter 
running at 540 r.p.m. An auxiliary control varialde pitch propeller is at- 
tached to and above the rear end of the tail, this being 3 feet in diameter 
running at 1,700 to 1,800 r.p.m. The machine is drivcTn by a 110 horse- 
power Lc Rhone motor and weighs com])lete with pilot and fuel about 1,400 
pounds. Horizontal flights are obtained by tilting the propeller blades to 
secure thrust on an angle instead of vertically and i)art of the thrust is thus 
used to secure forward flight, the remainder and by far the larger portion 
being used for sustentation. Flights undertaken to date have been at low 
altitudes ranging from 6 to 20 feet and several hundred yards in a hori- 
zontal direction to reduce risk during the experimental period. 
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The riddle of the helicopter may be considered as comprising four dif- 
ferent problems. The first is that of getting off the ground. This is the 
simplest and easiest part. With modern large propellers a lift of 15 pounds 
per horsepower can be easily obtained and as aircraft engines weigh around^ 
2 pounds per horsepower, there is ample margin for the weight of the 
structure, pilot and supplies for a flight of considerable duration. There is 
no question today that sooner or later a workable helicopter will be built 
and that it is merely a matter of design, additional information and perhaps 
a leaven of mechanical genius that are necessary to solve the problem, and 
the problem itself is big enough to be attractive to men who have already 
won their spurs in other fields of achievement. 

Landing In Event of Engine Failure. — The question of getting safely 
back to the ground in case of engine failure is much more difficult. An 
airplane volplanes; the conventional helicopter would drop like a stone. 
Several unworkable devices have been suggested, such as the use of para- 
chutes, balloons, etc. The most promising suggestions to date appear to 



bT^the use of propellers with extremely wide blades the angles of which 
may be changed so that the pro])eller Avould .spin like a windmill driven by 
the air pressure during the descent. With propellers of proper size and 
design the velocity of descent might he considerably retarded, hut would 
still remain too high to be either safe or comfortable. Another proposal 
involves the use of planes somewhat like those in an aeroplane built up of 
movable shutters affording large openings during the ascent but acting 
practically like aeroplanes planes during the descent. Whether such a con- 
struction would prove practical with the increased weight and mechanical 
complications, only time will show. 

The next problem is that of keeping the helicopter right side up. In the 
Berliner helicopter (Fig. 349) control is secured by the use of three movable 
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fins under each of the propellers, movable about in the stream of air pro- 
jected by the propeller. The longitudinal control is secured by the little 
variable pitch propeller shown in the rear of the fuselage of the machine. 
]f the above three problems were properl}^ solved the helicopter would be 
capable of rising, hovering, and coming down. 

To make it a practical transportation device it must also be capable of 
horizontal travel in any desired direction. This can be obtained either by 
tilting the whole helicopter so that the propellers pull it both forward and 
upward (which is accomplished in the Berliner helicopter by the use of the 
little variable pitch propeller), or by the use of an auxiliary propeller for 
horizontal drive, or, finally, by varying the pitch of the propellers. 

As regards helicoj)ters of which the development has advanced far 
enough to give a fair idea of their construction, it should be stated at the 
outset that the information available is somewhat sketchy. The designers 
of some of the helicopters, for cxamjde, Brennan, in England, have abso- 
lutely refused to give any information to the public. Others have per- 
mitted ins])Cction of their machines and given information but with mate- 
rial reservations. 

Tlclic()])tcrs attracted some attention of Austrian army authorities as a 
means of replacing captive balloons for observation purposes. Helicopters, 
if properly developed, might prove to be quite valuable for this purpose, 
since in the first place they offer a much poorer target to enemy fire, and 
second, have fewer vital i)oints to be hit and are not inflammable. Because 
(>f this, during the recent war, Lieutenant Petroezy and Professor Karman 
were authorized to build ca{)tive helicopters, one of which was equipped 
with electric ])o\ver and the other with two Le Rhone motors. These are 
stated to have made flights lasting as long as an hour, being held by a cable 
and anch(jragc just as a captive balloon is. 

The first ])roblcms to l)c solved arc of a purely mechanical character. 
V^iriablc pitch propellers, method of installing and holding large propellers, 
layout of the liclic()])lcr frame subject to heavy stresses, and yet so differ- 
c-nt from the aero])lanc frame, and the thousand and one details involved in 
this novel structure will tax the mechanical skill of the designer. As in the 
case of the aeroplane, this is going to be a matter of slow development, the 
designers learning by previous failures, and while a great amount of in- 
genuity will be needed, there docs not seem to be anything that would be 
impossible of solution. 

Parachutes, Types and Use. — The parachute is a safety device for op- 
erators and passengers of all types of aircraft that corresponds to some 
extent to the life preserver used in marine service. The need for such a 
device, in an improved form was seriously felt during the latter part of the 
World War. Nearly everyone is familiar to some extent with parachutes 
because for many years, even before the development of the airplane, a 
feature of country fairs and other celebrations was a balloon ascension with 
its accompanying parachute drop. The parachute was attached to a ring 
or crossbar suspended below the balloon and the w^eight of the aeronaut 
was carried by a crossbar or trapeze swung from the parachute cerds, the 
entire structure hanging down from the balloon. When the proper height 
was reached, the aeronaut pulled a cord and cut the parachute and himself 
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free from the balloon and the parachute filled with air and resisted the 
fall. Observers in captive balloons could use practically the same type of 
parachute as carried in a free balloon but this form was not practical for 
the airplane so the parachute pack was invented and perfected to fill the 
urgent need for a reliable and practical life saving device for use from dis- 
abled aircraft. 



Fig, 350 . — Two Forms of Parachute Packs Suitable for Airplane Pilots. At Left, Lap 
Pack Used by Observers and Gunners. At Right, Seat Pack Favored by Pilots. 


Requirements of Parachute Equipment. — A popular ])arachute, known 
as the Irvin air chute is illustrated at Fig. 350, in its packed condition. The 
lap pack» shown at the left is used by observers, and machine gunners 
while the seat pack is favored by many pilots. In addition to these types, 
there are packs adapted for either the back or the chest. The chief require^ 
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ments for parachute equipment are wStated to be as follows by the Irvin Air 
Chute Company, Inc. of Buffalo, New York: 

(1) It must be possible for the aviator to leave the aircraft regardless 
of position it might be in when disabled. 

(2) The operating means must not depend on the aviator falling from 
the aircraft. 

(3) The parachute equipment must be fastened to the body of the 
aviator at all times while in the aircraft. 

(4) The operating means must not be complicated or liable to foul and 
must not be susceptible to damage through any ordinary service 
conditions. 

(5) The parachute must be of such size and so disposed as to give the 
maximum comfort to the wearer and permit him to leave the air- 
craft with the least difficulty or delay. 

(6) The parachute must open promptly and must be capable of with- 
standing the shock incurred by a 200 pound load falling at a si)eed 
of 400 miles per hour. 

(7) The parachute must be steerable to a reasonable degree. 

(8) The harness must be comfortable and very strong and designed so 
as to transfer the shock of opening in such a manner as to prevent 
physical injury to the aviator. It must also be sufficiently adjust- 
able to fit the largest and smallcwst person. 

(9) The harness must be so designed as to prevent the aviator from 
falling out when the i>arachute opens, regardless of his position in 
the air, and at the same time it must be possible to quickly re- 
move the harness when landing in the Avatcr or in a high wu’nd. 

(10) The strength “follow^ through’' must be uniform from the harness 
to the top of the parachute — bearing in mind the old axiom — “No 
chain is stronger than its weakest link." 

(11) The ])arachute must be so designed as to be easily repacked Avith 
little time and labor. 

Approved Types of Parachutes. — The a])proved types of ])arachutcs are 
the manually ()j)erated, free type. A “free” type parachute is one that is 
roniplele in one unit, strapped to the person of the aviator by a suitable 
harness and one that has no attachments whatever to the aircraft. A 
“manually" operated parachute is one that will unpack automatically when 
the w^earer gives a slight pull on the ring located in a readily accessible 
place on the harness. The aviator can oj)en his ])arachute just wdien clear 
C)f the disabled airplane or he can make a long free drop aAvay from burning 
wreckage or a pursuing enemy i)lane before he pulls the ring. 

When open, ])arachutes range from 22 feet in diameter to 28 feet in 
diameter, the latter being employed for exhibition and training jumps. 
The usual general service size is 24 feet in diameter. The small one is used 
in conjunction with the 28 feet diameter for training jumps, being carried 
as a breast pack. The w^eight of_a complete 24 foot Irvin Air Chute com- 
plete with harness is approximately 18 pounds and the average rate of 
descent is 16 feet per second. The body or air bag of the chute is high 
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grade silk and suspension or shroud lines are silk cords which are con- 
tinuous from their point of attachment on one side of the harness to the 
other, passing through and over the top of the air chute. This form of sus- 
pension gives a network of cords which greatly increase the strength. A 
shock absorbing vent is incorporated in the apex of the silk body. A small 
parachute known as the “pilot” chute is attached at the peak or apex of 
the main chute. This is 30 inches in diameter and is constructed with steel 
ribs and a spring in such a manner that it folds up under tension so it can 
spring out when the container is o})ened by the rip cord, catch the air and 
pull the main chute out into the line of flight. While tests have shown that 
the ])ilot chute is not absolutely necessary, it reduces the time required for 
opening and makes for greater safety at low altitude jumps. The average 
time required for the air chute to open and assume normal descent is ap- 
proximately one and three-fifths seconds after the rip cord has been pulled. 
The back pack, shown at Fig. 352 is recommended for lighter-than-air craft 
and for exhibition jumps. 


Pack 


Snap Catch. 



Operating 

Wire 


.-Pack 


Fig. 351. — Rear and Front Views of Seat Type Parachute Pack Showing Webbing 
Harness. Note Location of Pull Ring. 

Control of Parachutes. — When the parachute has opened the jumper 
finds himself sitting in what amounts to a swing w^ith Avebbing representing 
the ropes of the swing on either side of his body. Slightly above his head 
and within reach, the webbing divides into two and the shrouds or small 
cords which lead to the outer edge of the parachute are here attached to 
the harness in four places. To stop the swaying of the parachute the ropes 
can be pulled on one side or another. The parachute can be sideslipped 
about ten feet for every hundred feet of drop by pulling down on one side. 
The parachute will belly-in on this side, but will open out as soon as the 
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shrouds are released. The parachute can even be made to spin by pulling 
down on one side and then releasing the pressure with a sort of flipping 
motion. This trick is hard to learn and can really only be done by one 
who had jumped before. In case it is found necessary to swing aside from 
some building or other obstacle, the shroud lines should be pulled in the 
direction in which the jumi)er wishes to travel. The sideslip of ten feet 



Fig. 352. — Back Pack Used by Balloon Observers and Exhibition Jumpers. 


in a fall of one hundred feet is not enough to make headway against any 
sort of a wind, and this should be remembered in trying to avoid obstacles. 

In landing, the feet should be close together and the knees somewhat 
bent. No effort should be made to stand up and the body should be re- 
laxed. Rolling over absorbs the shock of the fall to some extent, and one is 
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less apt to be hurt in taking the tumble than in trying too hard to resist 
one. Some try to roll over backward while others prefer to fall forward m 
the direction in which they are drifting, but as in most cases the inexperi- 
enced jumper has no choice in the matter. Either position, facing or back 
to the direction of drift will do sufficiently well. Should the jumper see 
that he is going to land in water, the two hooks across the legs and the 
hook across the chest can l)e unfastened so that the aviator can easily get 
loose from the harness when he alights. The harness of a‘‘seat pack is 
clearly shown at Fig. 351 which shows front and rear views of aviator sit- 
ting on the pack. 

Maintenance and Use of Parachutes. — The Army Air Corps advocates the 
packing of a parachute once a month. For commercial purposes this is hardly 
necessary, and three to four times a year is sufficient. The inspection and rcj)ack- 
ing takes about one hour with two experienced men and the pro|X!r equipment for 
doing the job. As the correct packing of a parachute is absolutely essential to its 
proper functioning, the work should only be done by those who know their 
business thoroughly. The Army Air Corps and the United States Air Mail 
Service have been glad to cooperate with civilians in the repacking of para- 
chutes. When not in use, the ])arachutes should I)e kept in a dry place. 
When the pack is not going to be used for a couple of weeks it is a good 
idea to loosen the elastic cords which tend to pull the ])ack open. When a 
pack has not been worn for several months it should* certainly be repacked, 
l)ecause creases are a])t to form in the silk possibly damaging the material. 
In the event of the i)ack becoming wet, it should be taken out and dried or 
else mildew is likely to form. If, however, the parachute is properly cared 
for and rei)acked from time to time it will last for several years. 

In parachute jumping for exhibition purposes the Army authorities re- 
quire each man to wear two packs, one on the chest and one on the back, 
so that if one })arachute should break he could jmll the siring and use the 
other. The man, when getting ready to jump, stands out on a platform on 
the strut. Down on the Mexican Border some time ago a man jumped 
from a 20,000-foot altitude and it took him 17 minutes to reach the ground. 
One method of leaving an airplane is called “lifting off.’’ There is no jerk; 
the motion is very easy. It is like jumping from a 10-foot embankment to 
land in a parachute. The men .suffer nt) injury whatever. One man fell 
1,500 feet before he pulled the string. When asked why he delayed so long 
before ])ulling the rip cord he said, “Well, I was afraid I would break it.” 
In an exhibition, two men have walked out to the end of an airplane, while 
in the air, and lifted off together. 

Parachute Lands Airplane. — A test made at Los Angeles resulted in a 
giant parachute bringing a plane and pilot safely to earth from an altitude 
of 2,500 feet. Upon reaching the desired altitude, R. Carl Oelze, of the 
Naval Reserve, who piloted the plane, a Curtiss JN, stopped his engine and 
released the parachute. The plane landed three and a half miles West of 
the starting place and required 1 minute 6 seconds for the descent, approxi' 
mately 38 feet per second. The pilot and plane weighed 1,800 pounds 
The plane was not greatly damaged by the impact, only the landing geai 
struts and lower longeron being broken, the pilot was not hurt at all. It 
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is entirely possiHe that a series of large streamline parachute packs could 
be incorporated in an airplane so they could be released at different levels 
by the pilot and enable a safe landing of plane and load. 


QUESTIONS FOR REVIEW 

1. Name principal forms of seaplanes as distin^ruishccl by float arrangement. 

2. Why arfc metal floats superior to wood? 

3. Give influence of float design on surface manocuvering. 

4. Describe the U. S. Navy P.N. Series' of boat seaplanes. 

5. What is an "amphibian” plane and what are its advantages? 

6. How* docs the autogiro airplane differ from the conventional type? 

7. Describe a typical helicopter and consider sonic of the iiroblcnis of design 
briefly. 

8. Outline features of some very large flying boats. 

9. What are the main requirements of seaplanes for naval use? 

10. Describe typical paracliute packs and how they are attached to aviators. 



CHAPTER XVII 

SOME ASPECTS OF COMMERCIAL AVIATION 

Aviation Immediately after the War — Why Early Airlines did not Pay — Organiza- 
tion Important— Passenger Carrying an Important Field— Mail Transportation 
Produces Regular Revenue — Commercial Possibilities of Airplanes — Miscellane- 
ous Possible Uses of Airplanes — Navigational Aids Important — Many Types of 
Aircraft Needed — Fundamental Requirements of Commercial Planes— Planes 
Must be Kept in the Air— Long Lived Engines Essential— Advantages of all 
Metal Construction — Earning Capacity of Airplanes — Value of Organization- 
Maintenance of Flying Equipment — Airways and Airports — Sperry Airway Bea- 
con — Fog-dispersal Experiments — Cost of Air Transport — Figures for a Three- 
Ship Passenger Airline— P. R. T. Air Service— U. S. Air Mail Figures— How 
Charges are Based — Location, Cost ^d Size of Landing Fields — Catapults and 
Airplane Arresters— Launching by Catapult— High Speeds at High Altitudes— 
Killing Insect Pests by Airplane. 

The most apt definition of a commercial airplane was given by W. B. 
Stout, a pioneer in the design, construction and application of airplanes to 
industrial transport when he said: ‘‘A commercial airplane is an air ve- 
hicle that can sup])ort itself in the air financially as well as physically’' and 
if this definition is to he accejited without reservation, then one writing at 
this time, late in 1927 must concede that we are just on the point of 
entering the era of commercial aviation. This statement is made with full 
knowledge of the hundreds of thousands of miles that have been covered 
by aircraft of various ty]ies operating over airlines in all parts of the 
world since the close of the World War, Avhich has been taken throughout 
this treatise as the date of starting modern aeronautical progress. 

Aviation Immediately After the War. — The cessation of the war left 
America Avith a well deYelo])cd airplane industry that was equipped with 
numerous factories, well tooled and organized to manufacture military air- 
planes and engines. Aircraft of all types had accomplished so much in the 
war that aviation enthusiasts looked forAvard to a general and wide appli- 
cation of aircraft, especially airplanes and seaplanes, to commercial trans- 
])ort purposes. Unfortunately, feAv of the airplanes adapted for use of 
our military services Avere of any value in industrial applications. 

Spasmodic attemj'ts to establish air lines Avith remodeled and revamped 
service machines Avere made, several hundred ex-army and navy aviators 
purchased wartime surplus air])lanes and seaplanes and went around the 
country “barnstorming” taking ]>cople up Avho Avished to experience the 
novelty of flying but in a fcAv years all this activity languished. In Europe, 
various airlines Avere established with the aid of government subsidies and 
could not have been operated Avithout this financial aid. In this country, 
no government subsidies Avere given oi)erating companies, so those who 
started found that the diflfercnce betAveen operating costs and income Avas 
too great to permit of profitable operation. 

There have been a fcAV notable exceptions as some of the early firms, 
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profiting from ocasional *'taxi'' work, photographic and aerial survey, smoke 
writing, crop dusting and motion picture employment have managed to 
meet expenses, even though they have not paid large dividends to their 
owners. The first commercial use of airplanes antedated military use as 
exhibitions, passenger carrying, civilian racing and prizes, contests brought 
a spasmodic and limited financial return to early aircraft constructors be- 
fore the military authorities considered such craft as being at all practical 
for their use. Before the war, no airlines were o])erated ; no express, mail 
or passengers were carried on schedule, only as “stunts” for pul)Iicity nor 
were any attempts made to solve jiractical industrial or transport j^roblems. 
j"ew so called “commercial” o])erators of the early post war period con- 
tinued in business when the slump came, and the publication of only a few 
lurid news items in the public press about airplane accidents soon took 
most of the courage from would be “joyriders” so that element of our 
])opulation seeking thrills were soon satisfied. 

Why Early Airlines Did Not Pay. — Much of the early failure to make 
air transport pay was due t(j the use of unsuitable e(jui])ment. Even the 
cheap surplus wartime jilanes, while they did not require a large imme- 
diate investment, called for expensive upkeej). Wartime jilanes were built 
jirimarily for high performance and little thought was exjiended by their 
designers of making them either accessible, durable or jiroviding that ease 
of maintenance that is one of the first rcc|uirements of successful industrial 
transportation vehicles, regardless of the medium on which, or in which 
they operate. The fundamentals of economics ai)j)ly just as well to land, 
water or air vehicles. People engage in business to make mone3q not as 
a matter of sentiment and capital must be assured of an adequate return or 
it will not be interested. It was necessary to evolve and try out entirely 
new designs of airplanes for commercial use. The high performance and 
s])eed of military aircraft could be sacrificed to some extent for reliability 
and economy of operation. Army authorities estimated that it took at 
least five men on the ground to keep one man flying and while this jirojior- 
tion could be lessened to some extent in certain classes of work, at the same 
time, experience with the organization and training of our aviation s(|uad- 
rons and their jiractical utilization at the front showed that the figure men- 
tioned was reasonably accurate for military flying. 

Organization Important. — Just as military aviation sijuadrons could 
function efficiently only when properly organized, commercial aviation en- 
terjirise must also be intelligently organized if the best results are to bo 
f)btained and aviation is to become the commonplace of our everyday ac- 
tivities; as railroads, ships and motor vehicle''' are. The jimblem that con- 
fronts American business today is: What jiracLical use can be made of 
airplanes and what will it cost? Since sustained speed is the great ad- 
vantage of the air])lane over other methods of transjiortation, it is but 
natural to apply the aiiqilane to tasks that call for the minimum time of 
accomplishment. 

Passenger carrying is thus indicated as one of the first uses to which 
commercial aircraft may be profitably i)ut. Peo])le whose time is the most 
valuable are those to whom air transp<n’t ap])eals because they arc best able 
to pay for it. Most of our business affairs can best be carried on by per- 
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sonal contact and while the telephone, mail and telegraph are wonderful 
aids to modern industry, most important deals are closed only after solicita- 
tion and verbal agreement between individuals who are in actual inter- 
course. Where any great distance separates a busy business executive and 
his oI)jective, airplane travel may be the most economical means of trans- 
port even though it costs more than the usual express train service. When 
time is money, train c^r boat or even automol)ile travel may be too slow. 

Passenger Carrying an Important Field. — Passenger carrying airlines 
are thus seen to be a logical development providing that a reasonable guar- 
antee can be given the ])rospective passengers that they will be carried com- 
fortably, without mishap and on schedule. In England, various airlines 
are in operation that have ])lanes that will carry from 10 to 40 passengers, 
the h'rench Farman Company has dcvelo])ed airi)lanes that will carry from 
12 to 20 or more people. The large Ca])roni airliners have large capacity 
and the develoi)ment of very large scajdanes and flying boats by the Ger- 
mans, Junkers and Rumpler, Rohrbach and Dornier have been previously 
mentioned. 

Mail Transportation Produces Regular Revenue. — The second com- 
mercial use of airplanes and next in iin])orlance to passenger carrying is 
regular mail transportation, fast despatch and financial service. Here the 
element of personal danger, even though the present j)erceiitage is remark- 
ably low, is not as inijiortaiit in limiting aerial service as it is in passenger 
carrying. The U. S. Post Office Dciiartment has carried mail through the 
air, on both day and night flying routes for the past nine or ten years and 
it is only recently that it is turning the operation of the air mail over to pri- 
vate contractors. 

The third important commercial application of the airplane is in gen- 
eral express transportation, and in the conveyance of expensive or perish- 
able goods and for emergency shijimeiUs and in fact any class of goods, 
the ultimate selling cost of which can bear the extra cost of transjiortation 
in exchange for the time saving, can be economically carried by airplam'. 
We find that motion picture films, news])apers, luxury articles, medical 
and surgical materials, replacements for iin])ortant damaged machinery 
such as used in industrial, newspaper or municipal light and water serv- 
ice; jewelry, exotic blooms and numerous other materials might be trans- 
ported by air and often are. 

Commercial Possibilities of Airplanes. — In a ])a]>er read before the S. A 
E. on the “Airplane as a Comnierciai Possibility’' D. W. Douglas, win; 
has been connected with aeronautical activities for a number of years 
and who is an engineer of international prominence enumerates some of 
the perishable goods that he believes can bear the expense of airplane trans- 
port. He said : 

“We may list such things as high-grade certified infants' milk, rare and 
out of season fruits, vegetables and flowers. The milk for New York 
City is supplied largely from upstate dairies not having the fastest of rail 
service. With a i)rcliminary cooling at the dairy this milk could be car- 
ried quickly and deposited still cold in the city. Where the breakage ol 
intricate machine parts threatens the tying up of a plant, the aerial expres.'- 
line should find an opportunity to be of value. Shortages in factories work- 
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mg on a production basis that could ill afford an interruption could be 
made up from stock in a distant town in the minimum time possible through 
the air. Occasions arise in epidemics or catastrophes where the shortage 
of medical and surgical materials, personnel and food becomes serious. 
With airplanes such supplies could be rushed in the fastest way. Motion 
picture films could not only be distributed in the shortest time by airplanes, 
and thus cut down exchange and idle time, but the service Avould add to the 
advertising campaign of film companies. News grows stale quickly and 
small-town papers do not always satisfy the residents of such communi- 
ties. The faster distribution would increase the out-of-town sales of the 
daily papers of our large cities and widen the range of their circulation. 
Articles of luxury which bring high prices in proportion to their weight 
could in many cases have quicker distribution ])rotitably. Advertisement 
would enter here to a greater extent than in any other class of service pos- 
sible. Confectioners and florist in the large cities, enjoying a wide repu- 
tation and a high-class trade, could broaden the field of their patronage 
considerably.” 

Miscellaneous Possible Uses of Airplanes. — Among the miscellaneous 
uses that we may hope to put airplanes to, come those of supervision and 
exploration. While in many of its asi)ccts this work would dovetail with 
])hotography, in others ways it presents new fields. Consideration is being 
given today by the (Government to the patroling of the great National 
Forest reserves by airjdanes driven by or carrying an expert forest ranger. 
A greater cheek on forest fires could be exerted by this means and in that 
way much natural wealth conserved IMore ground can he and is covered 
with smaller ]')ersonne1, and rej)()rts of fires by wdreless from the air to a 
central receiving station ex])edites the rushing of fighting crews to the scene 
of the imiieiiding catastrophe. 

The ins])cction and supervision of large pro])ciiies is made more efficient 
and rapid by the cm]doynient of an airplane by the manager. It is reported 
that a well known financier has bought a plane and engaged a ])ilol to aid 
the manager of some of his large wheat lands in keeping in touch with his 
work. Policing o])erations, both state and municipal, could he aided by air- 
plane squads. State constabulary could thn)W a force of men into an iso- 
lated town where a strike or riot im])ended, by the use of large fast ma- 
chines kept at central flying grounds. In the ex])loration of nnde\ eloped 
country for following waterways. or determining suitable water ])ower de- 
velopments, airplane would provide vision and perspective to the ju'oneers. 
I"or rapid rescue work and transport of relief Avorkers after catastrophics, 
as the recent Mississippi River valley floods or the Florida hurricanes, air- 
])lanes and seaplanes have demonstrated their worth without question. 

Advertising literature and descriptive maps of cities, res(jrts and real 
estate develoi)ments made by the aid of actual aerial pliotogra])hs would 
undoubtedly possess enough value to warrant the expenditure necessary 
to compile them. In surveying nijd(*velo])ed country for laying new rail- 
road lines through it, the airplane would not only be a valuable adjunct in 
transporting the surveying i^arties and su])i>lying them with necessities, hut 
would aid in the making of tlieir contour mai)s. 
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Mineral ore, while appearing to he a difficult cargo for seemingly flimsy 
aircraft to carry, is, in certain localities and in certain grades of ore, a prac- 
tical load for airplanes. Where mines producing rich ore are located in in- 
accessible country not tapped by railroads or highways, barring excep- 
tions where the character of the terrain precludes the possibility of land- 
ing fields or where altilndes are excessive, an aerial transportation system 
could be installed without tlic necessity for heavy investments in roadbeds 
and grading and could be o]>eratcd at costs that would not be excessive. 
If the mine be a small one, removed from the possibility of surface service, 
the airj)]anc can take out the ore and when the workings are barren leave 

great amount of useless investment on the location. In addition to 
carrying the ore out, labor, ecpiipment and sui)])lics can be brought back on 
the return trip. Where s])ee(l in the operation of a newly found mine and in 
the marketing of its ore is an advantage, because of high market prices, an 
aerial system could be ])ut into operation much faster than any surface 
system and would be delivering the ore months before the road or grading 
work could be finished. 

Navigational Aids Important. — Our navigation means probably call for 
the most immediate dcvclo])ments. Air comi)asses now in use are not 
thoroughly satisfactory at all times and in all weather. Radio direction- 
finders have been devclo])ed and seem to promise a more accurate and de- 
pendable method of keeping a true course in flying across country above 
the clouds or in a rain or fog. Better mai)s arc necessary at once. Present- 
day maps are usually lacking in true accentuation of natural landmarks such 
as rivers and mountains. C’oufusion is caused by the omission of some 
marks and the inclusion of others when ])erhaps both look to be of the 
same magnitude when observed from an altitude of 10,000 feet or more. 
Cities flown over should be marked in some way to be readily recognizable 
by night f)r day. 

Means of signalling the location of a field are necessary in a fog. Since 
most fogs are close to the earth, captive balloons riding above the fog in 
daytime, or star lights shot above the fog at night, will make it i^ossible for 
the aviator to find his field. Proper and adequate means of lighting fields 
for night flying arc advisable, since in some kinds of service this will pre- 
sent advantages over day flying. 

Radio lighthouses along established routes sending out distinctive 
signals at regular intervals aid the pilot in checking his position, which 
may be rendered uncertain by unknown wind conditions and loss of visa- 
bility of the ground. Landing fields should be provided at reasonable 
intervals along the course of aerial nnites. An endeavor should be made 
to locate suitable fields as near to town as possible in all cities contemplat- 
ing airplane service, as a field distant from the center of a town tends to 
offset the time-saving of aerial travel. The shorter the distance flown the 
more will be the magnitude of the diwsadvantage. 

Serious contcm])lation should be given by the proper representative 
bodies of the State and the Federal Governments to the legal aspect of 
aerial transportation. Uniform laAvs governing the behavior of machines 
in the air and when alighting are needed, as well as inspection regulations 
to safeguard the i)ublic and eliminate ignorant and foolhardy operators. 
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Proper instruction and examination of pilots are necessary; while the ex- 
amination should not be so exacting at this time as to be unjust, it should 
be and can be thorough enough to safeguard against unsuitable and in- 
capable operators. 

Many Types of Aircraft Needed. — It seems safe to assume that the uses 
of aircraft will expand rather than contract. This would indicate that we 
shall always have as many different sizes of machines and engines as now. 
Small single-engine i)Iancs will continue to attract sportsmen, will be used 
in special service and even in mail or passenger lines between small towns. 
Multiple-engine machines, however, possessing, as they do today, the added 
safety of being able to continue flight when one engine stops, seem certipn 
to come more into use for all regular systems requiring the maximum of 
safety and dependence. Even though engines develop considerably in 
reliability, as they must and wilt, this type of airplane seems bound to 
])redominate from other considerations. The size of the multi-engine ma- 
chine will therefore j)robably vary more than at present. Starting with 
small two-passenger twin-engine aiq)lanes, vve shall probably have two, 
three, four and five-engine planes with horsepowers u]) to 5,00() and useful 
loads up to 20 tons, operating in different services in the near future. 

As to the speeds that vve may ex])ect the machines of the future to at- 
tain, it api)ears that while more efficient machines and engines will un- 
doubtedly increase the maximum jiossible, many types Avill be slow. Where 
a service is ojieraled over country not jiossessing fast surface transporta- 
tion, or over broken country and large Iiodies of water, the slower plane, 
say that having a inaximuni speed of about 80 m.p.h., will be the most 
economical. The attainment of higher s])eeds will ahv^ays mean the lower- 
ing of the useful load carried. vVhere there is good rail service, or other 
conditions call for the maximum s])eed, we may exjiect to find planes in 
operation making with their full load anyAvhere from 150 to 200 m.p.h. 
.Speed does not mean less de])cndence or safety but more often surer and 
safer service. It does, however, except in certain instances,, siiell higher 
costs per jiound of load carried. 

The tendency in engines, as far as their size is concerned, seems still 
to be toward greater power. What the limit will be is hard to p'redict, 
since it is restrained somewhat by developments in other directions. Un- 
less radical changes in the methods now used in the making of air pro- 
jiellers occur, it does not seem that units larger than 1.000 horsepower wdl 
lie ])ractical. Two or more ])ropcllcrs driven from one ])o\ver ])lant by 
shafting or other means may, however, make it possilile to double or treble 
this figure, lacking any developments in air screw construction. 

As to new devclopnients in airplane design, aside from larger or faster 
machines, it is difficult to see that this will folhnv any new or startling 
lines. , The problem of descending and arising vertically with hcavier-than- 
air craft, while ])robably not inji)ossil)le of solution, seems to present in- 
superable difficulties. Very likely compromises will be effected which will 
])ermit airplanes to land in more restricted fields and in terrain of a rougher 
character than is now possible. 

Fundamental Requirements of Commercial Planes. — The great differ- 
ence between military and commercial airplanes is in the life expectation 
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and any craft intended for industry must be more enduring as it will be 
used much more. Wood, wire and fabric construction that is adequate for 
military airplanes must be succeeded by all-metal or composite wood and 
metal structures for commercial use. At the same time, a commercial plane 
must l)e kept light and have a higher strength factor to reduce maintenance 
costs. Mr. W. B. Stcnit, M. S. A. E. and a ju'oneer constructor of all-metal 
airplanes and their a])j)lication to commercial use, who is responsible for 
the design of the Ford-Stout Ihree-cngine all-metal monoplane shown at 
Fig. 36 in Cha])ter 4 has given the subject of commercial planes much 
study and he has obtained much valuable and i^ractical exi)ericnce by head- 
ing a com])any o])crating an airline over which air])lanes of his own design 
and make are flown, fie giv'^es the ft)llowing requirements in the S. A. E. 
Journal for practical commercial airplanes: 

(1) Absolute reliability of structure under all conditions of weather or 
fire hazard. 

(2) Absolute dependabilit}' of ]Kuver jilant, accoiii])lislu‘(l ])ossibly by 
multiple engines. 

(3) A speed of 100 m.p.h., wdth full load, in hf)rizontal flight at sea level, 
on not more than 3/5 of the maximum horse])ower. 

(4) Pilot located forward to assure unobstructed vision when planes 
become common ov(‘r air routes, particularly in bad weather. 

(5) A pay-load of at least 4 jiounds ])cr horsepower, with fuel for 6 
hours of flight. 

(6) /Ibility to opcraic 20 hours per day in the air 7 cilh load. 

As these re([uirements are considered, it will b(‘ seen what type of or- 
ganization W'ould need to be built around such a ])lane ami the ty])es of 
routes that would be necessary to make it a success. 

There arc Pvo real fundamental ca])al)ilities that a commercial airplane 
must have: ((/) the ability to accomi)lish the most ton-miles ]>er horse- 
])OW^er, and (h) the ability to stay in the air the most hours per day. The 
first includes all of the factt)rs of design that make for ])erfc)rmance and 
which, in most ])lanes, have been made paramount. The second embraces 
that part of design which relates to cost of maintenance, both in man-hours 
and in cost of material and overhead. The best cajmmercial plane, there- 
fore, is the one that wn'll accomplish in the air the most ton-miles ])er dollar 
per day. 

Planes Must Be Kept in the Air. — In assuming, in connection with the 
plane, a business system and a maintenance and inspection routine that arc 
necessary to obtain the foregoing result, it is seen at once that the business 
and ph 3 \sical organization surrounding the airplane in its work is next in 
importance to the airplane itself. A plane cannot ])erform a maximum 
number of ton-miles per day unless a traffic department secures business 
enough to keep the plane full to capacit}^ on every trip. Yet it is of no use 
to have full loads on every trij) unless design, maintenance and inspection 
have put, and kee]), the shij) in a condition that will enable it to stay in the 
air for the length of its prescribed route on every trip that is made. 
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This last statement indicates, as a side thought, that safety also is a 
basic condition of airline operation. If a line is not safe and reliable it cer- 
tainly cannot earn a dividend, and any airplane that is not safe under even 
extreme conditions cannot be called a commercial i)lanc. It is the belief 
of Mr. Stout that eventually planes must be of metal : that insurance rates 
will make impossible the use of any other type, particularly for passenger 
transportation. 

Flying equipment standing on the ground is a liability, like a motor 
truck standing still or an ocean steamship at the dock. It earns its pay 
by ton-mile service and must be in the air the greatest jiossible number 
of hours ])cr day. The airplanes first used in the Air Mail Service have been 
small and were turned over to the Post Office Department liy the Army. 
Each jiilot has had his oami ])lane. therefore, from three to five planes were 
on the ground for each one in the air. It should not be necessary, in com- 
mercial airline work, to have more than one plane on the ground for two 
in the air, and even this ratio can be bettered. I'his will be possible, how- 
ever, only when power plants and other devices are interchangeable, so 
that o])crators can change any defective efjuijnnent almost immediately 
and g^et the machines back into the air promptly. Mr. Stout believes that 
it is as great a mistake to water-cool an air])lane engine for commercial 
work as it would be to air-cooled a motorboat engine. Better airplane per- 
formance with air-coolt‘(l engines is only a matter of lc‘arning how to reduce 
the head resistance of air-cooled jobs. Jwen today, air-cooled engines have 
jiroved their superiority for this class (E work and, every new air])lane pro- 
jected in American for commercial use with the excej^tion of one, is air- 
cooled. 

Long Lived Engines Essential. — He shares the opinion of other de- 
signers that much longer life must be secured l)Ctween overhauling ])eriods 
and also believes that the elimination of electrical ignition will greatly in- 
crease reliability of new aviation engines. These new engines must have 
from 300 to 500 lK)urs of life beUveen to]) overhauls and yet must be so 
sim])]e and the ])arts so accessible that two men can overhaul an engine 
completely over night and have it ready for test tlighl by morning. Wdth 
the 18-hour-pcr-day service that is soon to come in airline work, this will 
be necessary in order to keep the equi])ment in the air. 

Aviation laws and a sufficiency of landing fields cannot bring com- 
mercial aviation until Ave have commercial ])lanes. ( )nce the right ty])e of 
machine is available, however, the ground organization becomes of even 
more importance than the machine. The organization for servicing the 
planes must concern itself mainly with engines, for the engine is almost the 
only {)art that is subject to wear. Systems of engine insjiection, re])lace- 
inent, testing, and rejiair, are too well known to need discussion before 
automotive engineers, but our increasing experience indicates that the more 
the power plants can be constructed in a series of complete minor assem- 
blies so that in case of trouble these assem])lies can lie re])laced (juickly, 
the better the design will be. It will not jiay to make an airjilane eingine 
heavier so that it will have longer life. To add KX) pounds to an engine is 
to take 200 pounds per day off of the revenue-producing capacity of the 
plane, which is an amount that will pay considerable ground w ork and serv- 
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icing. One-half pound of weight can be saved in the plane for every pound 
saved in the engine, making a total saving of 1)4 pounds, or 30 cents per 
hour advantage for every pound saved in engine weight. Commercial 
planes must be able to carry fuel for at least 5 hours for normal work in 
America, hence low consumption is as important as low engine-weight, 
because it is necessary to reduce to the minimum the weight of the fuel 
carried. 

Advantages of All-Metal Construction. — Mr. Stout is one pf the lead- 
ing American exj^oncnts of all-metal construction and the fact that he was 
able to convince Mr. Henry Ford that such aircraft were best adapted for 
commercial w'ork must indicate that he is in j)ossession of facts to su])port 
his position that can bear the close scrutiny of one of America’s leading 
business men. He states further: 

“Safety is the first rccjuiremcnt for money-making with aircraft. This 
means safety on the ground, in the air, and under all conditions of wind, 
weather and vision. It means safety in a crash, if a crash should occur, for 
the same reason that railroad coaches are made of steel. It means a struc- 
ture that cannot fail in the worst hurricane, and contro]la1)ility that will en- 
able the pilot to handle the ship in any storm or wind. 

The airplane should have no point of instability, no tendency to stall 
or to spin, but an ability to fly '‘hands off” under all conditions, with the 
engine on or off. It must be able to slow down to less than flying-speed 
without tending to anything but an even keel. It must come out of a stall 
by itself without the use of controls, and without falling off on a wing into 
a spin. Its reliability must ensure it against forced engine-landings and 
its vision must allow it to continue during the most adverse snow and 
weather conditions.” 

Earning Capacity of Airplanes.— learning capacity is a function of ton- 
miles in the air. The ship must be designed for an earning ca])acity that is 
secondary only to safety. This item involved a survey and study of all 
operating condition, routes, types of service, cabin capacity, distance range, 
and the like. 

An airplane on the ground is a financial white-elejfliant. An airplane in 
the air is a service to mankind. Every minute s])t‘nt on the ground is 
entered in the book in red. Tlie ship must o]>erate a minimum of 4 hours 
a day in the air and eventually will be able to do 20 hours a day. Only on 
this basis can aircraft i)ay dividends. The minimum number of hours per 
day spent in inspection and repairs therefore became imi)erative, and the 
type of structure dictated was metal. 

Every pound on the air})lane is A^orth 7 cents per hour in the air during 
a 6 hour day. One hundred ])ounds of weight saved means $42 a day of 
increased earnings because of greater load carrying capacity. For the 
carrying of loads at the highest cruising-speeds no other airplane can com- 
pare with the monoplane. 

By operating his own airplanes, Mr. Stout can control the safety of 
operation and the method of handling, so that he can work to a dividend 
point in strictly commercial operation in the type of carrying that proves 
to be the most profitable, be it fancy express, mail, or passengers. 

Visualize' airplanes of this kind leaving Detroit and Chicago every hour. 
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Ten passengers could 1)e carried on each trip, and $25 per passenger would 
be a reasonable fare. The trip, including overhead expense, and the like, 
would cost about $150, leaving a profit per trip of $100. From four to six 
single trips per day per ship could be made, once full load had been ac- 
complished. 

The Air Mail today meets all expenses of its night and day flying from 
New York City to San Francisco, including the searchlight stations, emer- 
gency landing fields, and all the equipment, with a pay-load of 250 pounds. 
One can see the margin of profit that could be developed in this service 
with a pay-load of only 1,000 pounds. It has been said by many persons 
that commercial airplanes cannot pay. As they have been operated in the 
])ast, they could not ])ay, no matter what might be the airplane. Financial 
success is a matter of management and of working from facts. When we 
fly at night between civic centers with airplanes that safely carry passengers, 
freight, collateral, money, antiejues, films, and the like, and the ships can 
remain in the air 20 hours out of every 24, we shall carry passengers cheaper 
than first-class railroad fare and shall make money by carrying goods at 
express rates at a profit. It is purely a question of business men putting 
business fundamentals into air])lanc operation, a thing as yet undone. 

What, actually, do aerial transport services offer to the business world? 
They will offer the facilities for sending letters and light goods all over 
the globe at an average si)eed of 100 miles per hour ; a prospect which opens 
u]) possibilities so vast that they are simply incalculable from the com- 
mercial ])oint of view. When an urgently-consigned letter can be sent 
direct from London to vSydney in not more than 4 days; when New York is 
only .33 hours and 20 minutes away from Paris as it was shown to be on those 
eventful days in May, 1927 by Captain Charles Lindbergh, then the busi- 
ness world will realize what is really meant by the coming of this ag'e of 
air travel and what benefits it will confer on those who are prompt to take 
advantage of it. Statistics show that a fatality occurs in the ratio of 1 to 
every 1,250,000 ])assenger-miles flown, which would indicate that the odds 
are 2 to 1 against its (occurring in a machine flying 12,000 miles per year for 
40 years so the safety of flying should be better apjireciated. 

Value of Organization. — The ability to make world wide commercial 
flights and to make them regularly to a time-table has now become entirely 
a question of minute and very carefully devised organization. Already, 
though aircraft are still in their infancy, we have machines suitable for our 
immediate purpose. Already, too, w’C are well ahead wdth the work of 
building up the organization of our airways, wu'th the ])rovision of the 
emergency alighting grounds, day and night signals and meteorological 
departments w’hich will be absolutely essential to success if we are to main- 
tain a regular service in bad weather as well as fine. The pilot who flies 
across country with no land organization to help him may soon find him- 
self in trouble wdien w^eather conditions become adverse. Ikit. assuming 
the existence of the highly organized ground service on which so much will 
depend, we cannot only warn him of bad weather and direct him into a 
stratum of the atmos])here w here conditions are favorable, but we can also, 
by directional wireless, keep him on his course when there is mist or fog. 
Furthermore, by linking up all our main airdromes by a chain of emergency 
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alighting; grounds placed at 10-miIe intervals, we can insure that, should 
he have to descend involuntarily owing to any mechanical breakdown, he 
will always make a safe landing on a suitable surface. 

Organization will enable us. also, to station relief machines along a 
route so that, should an air mail machine break down and have to make a 
forced landing on any one of the emergency grounds, another machine 
could be summoned at once by telephone or wireless, and the mail bags 
carried on to their destination with nothing more than a few minutes’ de- 
lay. Organization and precision, the careful guarding against possible 
mishaps, have given land and sea travel the high factor of general safety 
which they now possess; and with air travel, granted a sound organization, 
we see already how we shall be able to secure and maintain as great an all- 
round safety and dependability as is the case today with train and steam- 
ship services. 

Maintenance of Flying Equipment. — Maintenance of flying equipment 
is a most important part of the work of any*' airline as the morale of pilots 
and the passenger traffic can be easily mined because of the thought that 
something may be at fault with the air])lancs used. A force of trained 
mechanics and careful inspectors have a definite and valuable physcologi- 
cal effect on both jnlots and passengers. Tn the U. S. Air Mail Service, 
engines were overhauled after 100 hours flying and after six overhauls they 
are torn down and about 30 per cent of their ])arts value salvaged and used 
in building up other engines. During 1925, it was stated that medhanical 
difficulties caused landings once in each 400 hours of flying though the 
pro])ortion of forced landings was greater than that in previous years. 
Thirty per cent of the troubles were ascribed to the water-cooling system, 
29 per cent to ignition failure, 11 per cent to carburetion and 8 per cent to 
lubrication. The remaining 22 ])cr cent were due to failure of mechanical 
parts comprising the engine itself. The airplanes averaged 800 hours of 
flying before they were given a major overhaul or rebuilding but the fabric 
covering of the wings was renewed after about 500 hours flying. Only one 
airplane structural fault developed in flight in 5 years time, this was the 
breaking of a control stick fitting where it Avas welded near the base. 

Airways and Airports. — The lb S. Air Mail Service has the best planned 
and best lighted airways in the world and these have been taken as an 
example for the construction of airways by^ other nations. All airways 
are now directly in charge of the l_)e])artment of Commerce and an under- 
secretaiy looks after all aviation matters. IC\])ericnce has indicated that 
airways can be so lighted that safe and regular operation of airplanes at 
night is assured. An airways provides for transi)ortation at twice the sus- 
tained speed of the fastest express trains, yx^t the cost of the airway is 
given as only about 10 per cent of what it costs to build a single track 
railroad of the same length. 1'he following data, furnished by the Air Mail 
authorities, gives valuable information that can be a])i)lied advantageously 
in laying out future airways for civilian and commercial flying activities. 

A typical terminal-field comprises not less than 120 acres and has 
runways 2,400 feet long in two directions. From the operating viewpoint, 
it is desirable to have terminal-fields located some distance from large in- 
dustrial centers because of the smoke and haze that usually hang over such 
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Fig. 353. — Sperry Revolving Airway Beacon with Automatic Lamp Changing Feature. 

centers, this is especially true if nigfht flying’ (ij)cralions are contemplated. 
The Air Mail .Ser\'icc has found that it can carry on night o])erati(ins under 
moderately had fog conditions when smoke and haze are not mixed with the fog. 
The tenninal-fickl c(juii)nient at Hadley h'icld, near New Brunswick, 
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New Jersey, consists of two hangars 85 x 100 feet, with 14-foot clear head- 
room, concrete floors and walls, wood-truss roofs and doors at both ends. 
One side-wall is of glass in steel sash; on the opposite side is a lean-to 
20 X 100 feet, with 10-foot headroom, which contains offices, shops, stock- 
room, garages and so on. Hangar floors have a 6-inch slope from the 
middle of the hangar toward the doors at either end. This allows airplanes 
to be run out of the hangar readily by one man. 

All buildings are flood-lighted, signboard style, to give daylight per- 
spective. A S00,0(X),000-cp. flood-light is provided for field lighting. The 
field is outlined with 60-cp. 6.6-volt boundary lights connected on a street- 
lighting series-curcuit with constant-current transformer. Steel-taped 
cable is placed under ground to supply the current. An illuminated wind- 
direction cone is mounted on top of one of the hangars, as is also a 24-inch 
revolving beacon that guides the pilot to the field. These beacons use a 
1,000- watt lamp and revolve six times per minute. The beam is raised 
degrees above the horizon. Between New York City and Chicago 70 of 
these beacons are used. 

Accurate weather information is essential for night operations. Ther- 
mometers, barometers and anemometers are provided at each terminal- 
field to assist in judging meteorological conditions; a beacon throwing a 
sharp beam of light upward at a 45-degree angle is provided to determine 
the height of clouds at night; field managers, chief mechanics, inspectors 
and crew chiefs are trained to make meteorological observations. 

Each terminal-field has a radio telegraph station and uses it to report 
weather conditions, departures and arrivals of airplanes, and to give other 
information to the different terminal-fields and the division office. The 
radio service is excellent when it works, but when bad storms occur they 
are usually accompanied by bad static conditions, at which times we use 
the long-distance telephone. It may be that some day wc shall handle our 
communications as the railroads do, by having a telephone or telegraph 
wire along the course. The same pole-line might carry current for the 
beacon lights as they were desired. 

No machine-shop equipment is located at any of the operating fields. 
Bench and hand-tools are provided to the extent of about $450 worth. This 
is because all major repairs are made by outside firms under contract and 
no construction work is done by the Air Mail. Operating fields for civilian 
airlines w^ould require machine shop facilities and w'^ood and metal working 
machinery depending on the character of the construction work and major 
repairs to be carried on, because it might be more profitable for a private 
enterprise to have regular production work for its mechanics to keep em- 
ployed, a consideration that is not alw^ays vso important when a government, 
through the taxpayers, can pay the bills and make up for deficits, that 
might result from inefficient shop management. 

Emergency Landing Fields. — A typical emergency field is comprised of 
about 45 acres and is about 2,000 feet long and from 800 to 1,000 feet wide, 
the long way being east and west on account of the prevailing winds in 
the eastern section of the country. The east and w^est approaches should 
be clear, the surface should be solid and it should have the necessary drain- 
age to make landings safe in the wet seasons. 
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The equipment on an emergency field consists of a 24-inch revolving 
beacon, mounted on a 50-foot steel windmill tower. Current is supplied 
by a l,S00-watt farm lighting plant. A shack 12 feet square houses the 
lighting plant and a telephone. A caretaker is employed and is on duty 
daily from sundown until sunrise. The emergency fields are outlined with 
primary-battery boundary lights placed about 300 feet apart. An illumin- 
ated wind-direction cone is mounted on the beacon tower. 
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Fig. 354. — Sperry Landing Light for Airports will Floodlight 'an Area of over 50 Acres. 


Fifty emergency fields are located between New York City and Chicago, 
36 of which are between New York City and Cleveland, located an average 
of 13 miles apart across the mountainous and timbered country. Between 
Cleveland and Chicago, where the country is fairly flat and clear, they are 
25 miles apart. It is believed that, with the number of emergency fields 
we now have on the Eastern Division, the hazard has been removed from 
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about 95 per cent of the forced landings that may occur on account of me- 
chanical difficulties or bad weather. 

Every 100 miles along the airway semi-terminal fields are located. It 
comprises from 70 to 80 acres, and is a four-way field. Here is carried a 
stock of gasoline and oil for airplanes that may land and also a small stock 
of repair parts that may be needed. These fields are equipped with long- 
distance telephone service and a semaphore arrangement of red, white and 
green electric lights that are used to signal to the passing pilot what the 
weather conditions are for the next 100 miles ahead. 

Sperry Airway Beacon. — The Sperry revolving incandescent beacon for 
airways and airports is made in two sizes 18 inches and 24 inches, mounted 
on the same size base. These beacons are usually mounted on towers of 
sufficient height so they will be above obstacles that might obstruct the 
beam. They arc visible to pilots from distances of 25 to 80 miles. In- 
candescent lamps of various voltages may be supplied, though 110 volts 
is the usual practice where the lamp is su]^plicd from central station and 
30 volts if an isolated lighting plant is used, as is often necessary at emer- 
gency landing fields. The construction of such a beacon, with automatic 
lamp changing mechanism in case one lamp should burn out is shown at 
Fig. 353. The lamp suiq)orting trunnions are rotated by an electric motor 
through worm gearing housed in the aluminum base of the beacon. The 
base is water and dirt tight and the lamp drum is completely weather 
proof. The beam intensity of a 24-inch beacon using a 1,000 watt, 110 
volt lamp is 3,000,000 candlepower. 

The high intensity airport landing light is normally a flood lighting 
unit, but in a few seconds it can be converted into a 30,000,000 candle 
power emergency beacon or it may be used as a ceiling light. This light, 
which is shown at Fig. 354 is a high intensity arc mounted in an 18 inch 
cast aluminum drum and is supported by light trunnion arms on a cast alum- 
inum pedestal. The light is obtained from the i)ositive crater of a 80-125 
volt, 55 ampere arc. When operated as a projector, the beam has a spread 
of only 2 degrees but when the spread lens door is swung into place, the 
beam is spread out horizontally through an angle of 80 degrees but in 
a vertical plane, the beam s])reads only 3 degrees. This fan of light 
will illuminate an entire field as shown at Fig. 355 which shows how 
sharply the ground is illuminated in front of one of the Air Mail DH 
airplanes. The illumination plan for a typical square airport as recom- 
mended by the engineers of the Sperry Gyrosco])e Company is given in the 
plan at Fig. 356. For a rectangular air])ort, two landing lights, placed 
side by side are required to illuminate the area adequately, these being 
placed near the edge of the field at about the middle so the combined spread 
of the two beams is 160 degrees, this giving a divergence enough to light 
a field about 3,000 feet long. 

Ground Personnel. — Ground personnel ])lays the most important part 
in the operation of airplanes. A thoroughly organized force of trained 
mechanics under careful sujKTvisioii is needed to obtain the desired re- 
sults. A typical Air Mail terminal-field organization for handling of four 
ships per day is as follows : 
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Pig. 355. — Night Photograph Showing Clearly how Sharply an Air Mail Plane and Surroundings are Illuminated by Sperry Flood 

Light. 
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Reporting Direct to Field Manager 


Chief mechanics 2 

Inspectors 2 

Field clerks 2 

Stock clerks 2 

ChaufiFeur 1 

Automobile mechanic 1 

Radio operators 3 

Reporting to Field Manager through Chief Mechanic 

Crew chiefs 2 

Mechanics, engine 4 

Mechanics, riggers 4 

Mechanics, helpers 4 

Electricians 2 

Instrument man 1 

Parachute maintenance man 1 


This is the force at the Air Mail terniinal-ficlcl in Cleveland, where four 
ships in and four shi])s out are handled on the day-and-night schedule. 

Chief mechanics, crew chiefs and ins])ectors should be expert mechanics 
on both airplanes and engines. Engine mechanics and riggers should have 
at least 3 years’ ex])erience. The supply of good airplane and engine me- 
chanics is not keeping up with the demand, as the Air Mail found it neces- 
sary to begin training men in the last year. It seems likely that future 
civilian and commercial activities will have to train a considerable ])art of 
their mechanical forces and it must not be exj^ecte.d that the training of 
a mechanical force and whipping it into a smoothly working organization 
can be done overnight. An im})ortant part of an airway is on the ground 
and the performance and safety of the pilots are limited by the efficiency 
of the ground ])crsonnel and the ground facilities provided. 

As regards spare airplanes. Air Mail practice was one ship on the 
ground for every ship in the air and a spare engine available for every ship 
in the air daily. The stock of spare ])arts carried at the operating fields 
is very small, as most of the s])are parts were assembled in complete flying 
units, which are always tuned-up and ready to go. For civilian flying, the 
ratio could be one ship on the ground for each two in the air and with in- 
creasing flying time and reliability of engines, it may not be necessary to 
have a spare power plant for each ship in service, the proper proportion will 
depend on the type of engine used aiid its life between ovcrhaulings. If 
one wishes to be safe, a complete power plant should be in reserve for each 
airplane in use which means that three spare motors would be provided 
for each airplane, if this was a tri-motored form and two would be provided 
for each ship if a twin-motored type. 

Fog Dispersal Experiments. — One of the greatest drawbacks to air 
navigation, just as it is in marine navigation is fog and while it does not 
always hinder a pilot when he is flying, because he may fly above the fog 
banks, still it is a menace when landing as if the fog banks are between the 
aircraft and the ground, the plane must be driven through the fog in mak- 
ing a landing. Experiments are being carried on by the Naval Bureau of 
Aeronautics in the artificial precipitation of fog over airplane landing fields. 
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By means of a specially mounted airplane propeller, electrically charged 
air has been projected in such fashion as to constitute an electrically 
charged curtain of air which precipitates the fog and thus opens a clear 
path for landings. These experiments have been carried on at the Naval 
Aircraft Factory in Philadelphia and elsewhere. Those concerned with the 
experiments estimate that 277,000,000 cubic feet per minute of fog drifts at 
the rate of 2 m.p.h. over a landing field through a vertical curtain of charged 
air having a radius of 1,000 feet with the center on the ground. 



Fig. 356. — Illumination Diagram Recommended by the Sperry Gyroscope Company 

for Typical Square Airport. 

One type of apparatus with which the Navy is experiniCnting is capable 
of passing through it 700,000 cubic feet of air a minute, which it charges 
electrically and throws into charged curtains. It is estimated that these 
curtains can cause the preci])itation of about 95 per 'cent of the fog mov- 
ing over the landing field, thus clearing a section 1,000 feet high and 2,000 
feet wide over the full length of the field. This apparatus consists of a 
simple type of corona charging screen, a transformer with rectifying appara- 
tus and an airplane propeller and engine all mounted on a truck. It has 
been determined that an airplane propeller driven by a 400 horsepower en- 
gine mounted on a swivel has sufficient power to ])roject electrically charged 
air over a vertical plane having a radius of 1,000 feet, thus forming an elec- 
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trically charged curtain through which all fog coming over the landing 
field must pass. 

Other fog precipitation experiments are being carried on jointly by the 
Navy Bureau of Aeronautics and the Air Service on the principle of elec- 
trically charging dust or sand particles which are released into the fog from 
airplanes, thus causing condensation and ultimate dispersal of the fog. 
The successful completion of these important experiments will remove one 
of the greatest menaces to safe air navigation. The field for the use of fog 
precipitation ai)paralus is wide and no doubt iiltimatcdy will be used in 
great cities to lessen traffic congestion and dangers on foggy days, and 
also in harbors and channels \vhcre shipping becomes congested and de- 
layed by reason of fog. 

Cost of Air Transport. — There are numerous items entering into the 
cost of air transport, just as there are in operating a railroad or steamship 
line. The idea that the layman has in figuring cost of flying by taking the 
cost of gasoline and oil and dividing it by tlie number of miles flown on 
a stated quantity is recognized as an erroneous one by any one with any 
business experience. The costs are divided into cajiital charges and operat- 
ing charges. In the former classification we must grou]) numerous costs. 
First of all coiTies organization expense, then co,st of furniture and ecjuip- 
ment of field and executive offices, haigineering surveys must be made, 
real estate must be ac([uired for a main flying field, other projierty must 
be bought for terminals and emergency fields. This real estate must be 
improved as it is doubtful if it can be used without grading, surface water 
drainage, roads and runways, water sup]dy, sanitary sewerage disposal, 
etc. 

Buildings must be erected to house the i)ersc)nnel and equipment as 
well as the “flying’^ stock. These might conceivably include an office build- 
ing, dwellings for ])crmancnt field personnel, shoiis for wood and metal 
working, hangars for air])lane storage, garages for the auxiliary automo- 
biles and trucks, warehouses for s]>are jiarts and su]q)lies and special hous- 
ing for fuel and oil sujiplies. The terminals and emergency fields require 
certain facilities. Lights, heat and power are necessary in all sho]) and 
office buildings, telephonic and telegraphic communications, both wireless 
and wired must be provided. Meteorological instruments, and fire preven- 
tion and extinguishing ajiparatus are essential, d'hen comes the equip- 
ment of airplanes, spare engines, flying and navigating instruments, air- 
craft radio sets and com[)lete equipment of engine and plane spare jiarts. 

The ground equipment at terminals includes wood and metal working 
machinery, engine test stands, benches, vises, special trestles and cranes 
for handling engines, wheeled dollys, gantry cranes for heavy airplane 
parts, tractors and rollers for field maintenance or for moving the large 
planes around, automobiles, motorcycles and side cars, trucks or delivery 
wagons depending upon the nature of the \vork. These items represent a 
substantial investment when everything is paid for. 

We consider next that large group called operating charges, which are 
always a matter of vital concern to any executive. The first set of operat- 
ing charges may be grouped under administration expense. These include 



SOME ASPMTS OF COMMERCIAL AVIATION 


70S 


such items as rentals, executive salaries, engineering salaries, clerical and 
sales department salaries, cost of lawyers, advertising, telephone and tele- 
graph bills, taxes and miscellaneous items such as postage, express and 
freight, etc. The main items under the heads of operating charges are 
wages of mechanics, pilots, engineers and other remuneration to officials 
and clerks, radio men, watchmen necessary to look after and account for 
the transportation units. There are expendable supplies such as gasoline, 
oil and grease. Motor transport incidental to operation must be paid for. 
A large and varied assortment of insurance charges such as fire, accident, 
property damage, employees liability, personal liability, freight loss, theft, 
tornado and lightning, etc., must be considered. Then comes that arch 
destroyer of profits called depreciation. The buildings lose value, the air- 
planes and engines Avear out, accessories and machinery are used up; 
trucks and automobiles wear out almost as quickly as flying equipment, 
beacons and radio sets deteriorate wdth time and use. Heat, power land 
both shoj) and beacon lights cost money to keep going. 

Telc])hone and telegraph lines must be maintained. Field regrading 
is needed frt)m time to time, the Iniildings must be painted periodical!}" and 
kept in re])air; executives, mechanics and pilots have travelling expenses 
that must be met. Some of the ca])ital charges can be reduced by using 
terminal facilities for several airlines jiust as railroad terminals and docks 
are sometimes shared by different comjianics but some of the items must 
be borne solely b}" the com])any res])()nsible for them. All of these items 
have to be considered in covering charges for carrying merchandise or 
people. The greatest return can only be obtained by carefully building up 
the revenue and keeping down operating ex])enses, Avhich explains why 
an airplane on the ground is an e''])ense whereas one in flight with a pay- 
load is earning. Only the most imi)ortant items as they occurred to the 
writer arc mentioned in the summary, and other charges may cro]) uj) to 
disturb the managing executive besides those mentioned. The summary is 
useful in that it may be employed in checking up figures or estimates re- 
garding airline costs that may be made public in the future by over san- 
guine promoters. 

Figures for a Three Ship Passenger Airline. — Some years ago, Mr. D. 
W. Douglas presented a tabulation in the S. A. K. Journal showing his 
estimates for a small airline using modified tAvin-motored military bombers 
in Avhich Liberty engines were used for j^oAver and Avith a passenger carry- 
ing cabin having a cajiacity of 10 persons, and pilot and mechanic or navi- 
gator. lie based his figures on an airline o])erating between points about 
100 miles apart and carrying at least 8 jxissengers per tri]), there being 
twelve trips made each day. Each plane, assuming that two were used and 
one kept in reserve would make six trips, three going and three return- 
ing. Four pilots would be o]>eratiiig eveiy day, each making three flights 
totaling about hours in the air. 

The cost given for airplanes and engines, are somewhat in excess of 
the prices today as tri-motored all-metal airplanes of about the same pas- 
senger capacity as those suggestcfl by Mr. Douglas can be purchased for 
$25,000 each Avith engines Avhereas his figure of $40,000 each in following 
tabulation did not include the engines. Instead of twelve engines, nine 
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would be sufficient for spares and if one figures these at $3,000 each ; a fair 
price for an air-cooled engine in commercial production, the engine item 
could be reduced to $27,000 instead of $48,000. Owing to the use of all- 
metal planes, the cost of the necessary airplane spares would be greatly 
reduced, a figure of 10 per cent of the value of the planes would be ade- 
quate because of reduced u])kecp of tho.se modern airplanes in which metal 
enters largely into the structure. The engine spare parts would not be as 
high percentage because of the elimination of water-cooling system parts 
and reduced upkeep of air-cooled engines. A revised figure for the total 
investment in transportation equipment for an airline having 4 all-metal 
tri-motored airplanes would be considerably below the figure of $222,800 
mentioned 1)y Mr. Douglas and of course, applying to the specific equip- 
ment he had in mind when he comjiiled the figures, some years ago. As 
the transportation equipment would be renewed every year, a reduction in 
this important capital charge would correspondingly increase the profit 
possibilities. At the other hand, the figures given for hangars and shops 
as well as for machinery and equipment would have to be increased be- 
cause of higher cost of building construction so the property investment 
would be greater than his figure. 

The reader should bear in mind, when studying the figures given that 
these were jiredicated on certain conditions which apj>lied only in that 
specific airline assumed by Mr, Douglas and that each airline is a separate 
problem that must be studied by itself. For this reason, the data given can 
be looked upon merely as an example to show how costs may be figured 
so that an approximation may be obtained of the cai)ital required and 
normal operating charges. It is entirely possible that in the light of our 
present knowledge that Mr. Douglas would prepare an entirely different 
schedule if confronted with the same problem today. For instance, the cost 
per passenger mile in the example given is eighteen cents. Even at that 
time Mr. Douglas estimated that with larger and faster airplanes than were 
then immediately available that passengers could be carried at a good 
profit as low as ten cents ])cr passenger mile. While the figures below 
show a percentage of profit of 30 per cent on the investment, the esti- 
mated earnings might be greatly reduced by conditions which would pre- 
vent plane operation and weather unfavorable to flying might greatly re- 
duce the number of ])assengers carried. Instead of the figure being 80 per 
cent of maximum ca])acity, it might be reduced to 60 per cent of maximum 
capacity due to cancelled trips or lack pf ])atronage. It would seem, there- 
fore, that any airline to be ])rofitablc should not depend only on one class 
of traffic. Express and mail matter should be carried as well as passengers 
so that even if Aveather conditions deterred passengers from flying, but 
could be overcome by an experienced jiilot, the planes could be kept in 
the air, trips made on schedule and each trip made to produce some revenue. 
The U. S. Air ]\Iail has operated with an efficiency as high as 97 per cent 
and with the experience gained in this service, and Avith properly lighted 
airways, a flying schedule could be maintained nearly at normal even if 
Aveather conditions were not alAA^ays ideal; or if the number of passengers 
did not reach an expected total. 
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EXAMPLE SHOWING AIRLINE COSTS AND CAPITAL REQUIRED 
Capital and Invested Expenses 
Property and Equipment Invostnient 


Docks, hangars and repair sliops $ 60,000 

Machine tool and hangar equipment 35,000 

Office equipment 4,000 

Gasoline tank equipment 3,000 


Total Property Investment $102,000 

Transportation Equipment per ^'oar 

3 Airplanes, without engines, (rO $40,000 $120,000 

12 Engines & $4,000 48,000 

Airplane spare iiarts (15 pen cent of value of planes).... 18,000 
Engine spare parts (00 per cent of value of engines).... 20,800 
Material 10,000 

Total Annual Equipment Investment 222,800 

Direct Operating Cost per ^'ear 

Gasoline: 210,600 gal. 20c $42,140 

Oil: 8,100 gal. Ca] 70c 5,670 


Total Annual Operating C'ost 47,810 

Annual Salaries for IVrsonnel 

1 Chief pilot and general manager $ 7,500 

6 Pilots (a: $4,000 24,000 

6 Flying mechanics (n> $2,500 15,000 

2 Shop superintendents (<(' $3,000 6.000 

1 Passenger and jiurchasing agent 4,000 

1 Auditor 1.600 

2 Ticket agents (n^ $1,300 2,600 

2 Draftsmen (cj^ $2,000 4,000 

16 Field mechanics (f(> $1,560 24,960 

40 .Shoj) mechanics (a'> $1,300 52,000 

2 Watchmen $1,300 2.600 

3 Stenographers $1,300 3.O00 


Total Annual Payroll 150,160 


( )verhead 


Building and dock upkeeji $ 4.000 

Fire insurance on building and efiuii)ment 600 

Taxes ^ • 4,500 

Heat, light and power 3,500 

Office supplies 1,500 

Postage, telegraph and telephone 3,600 

Depreciation of building at 5 per cent 3,000 

Depreciation of machine tools and equipment at 10 per 

cent ^^>500 

Depreciation of office equipment @ 10 per cent 400 

Depreciation of gasoline storage tanks (f? 10 per cent .. . 200 


Total Overhead 24.800 
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Cost of Operation per Year 


Transportation equipment $222,800 

Materials . 47,810 

Salaries 150,160 

O verb earl 24,800 

Reserve for unforeseen ex])en^es 20,000 

Total Annual Operatinj^ Expenses 465,570 

Passengers carried per clay (80 per cent of maximuin) , , % 

Passengers carried per year (80 per cent of niaxiniuni ) . , 25,920 

Cost of trip per passenger $18 

Cost per passenger mile $0.18 

Gross receipts ([i'> $22 per trip $570,000 

Total profit $104,4,30 

Tnvosinient l^erpiired 

Transiiortation e(|uipineiit $222,800 

Property and equipment 102,000 

Working capital reciiiired 25.000 

Total Invest ment .349,800 


P. R. T. Air Service. — On Tuesday, Novcnilicr 3()lh, 1926, the Philadel- 
phia Ra])id Transit Air Service, which was inaugurated as a feature of the 
Sesqiii-Centcnnial Exposition, closed a very interesting and instructive ex- 
periment in commercial aviation. Wliile the service was carried on for a 
relatively short period of five montlis as it closed when the Exposition 
closed, some very interesting figures Avere obtained and much information 
and instructive data Avas transmitted to the Air Secretary of the Depart- 
ment of Commerce for the guidance of people intending to start airlines. 

By actual count 3,695 passengers Avere carried Indwcen July 5th and No- 
vember 30th in perfect safety. 93,770 miles were covered in regular service 
Avithout any mechanical failure whatsoever, either in the planes or in the 
engines. Out of a total of 688 trips scheduled, the only ones not carried 
out were the 75 cancelled because of extremely adverse weather conditions. 
In other Avord.s, aliout eleven per cent of the scheduled tri])s were can- 
celled because of the keen regard of the P. R. T. Air Service for their pas- 
sengers’ safety, and not liccause the cancellation Avas actually forced on 
them. Government radio and Aveather-re])ort service Avould eliminate the 
necessity for such cancellations almost entirely. 

The three big I'okkcr tri-motor ]danes have si)eut 1,184 hours in the 
air on regular scheduled tri])S and no a])precial)le delerioralioii of the air- 
plane structure in that time. The 12 Wright “Whirlwind” engines have 
piled up the total of 3,552 engine hours without giving the slightest .trouble, 
and Avith a total cost of $75.53 for replacement i^arts, or an average of less 
than $6.30 per engine — $1.26 ])er engine i)er month — $0,021 per engine per 
hour ! The excellent record of gas and oil consumption kei)t by the P. R. T. 
reveals that each plane used an average of 10.6 gallons of fuel per engine 
])er hour, and an average of 1/5 gallon of oil per engine per hour. 

Many remarkable results were achieved by the P. R. T. Air Service dur- 
ing their five months of operation. For example, a regular schedule A\^as 
maintained with almost clock-like precision, leaving Philadelphia south- 
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bound at 8:30 a. m., 10:15 a. ni. and 3:30 p. m. and arriving at Washington 
at 10:00 a. m., 11:45 a. m. and 5:00 p. m., respectively. The 8:30 a, m., 
plane went on to Norfolk, arriving at noon. On the northbound vschedule, 
this plane left Norfolk daily at 1 :30 p. m., arriving in Washington at 3:15 
p. m., and at Philadelphia at 5:00 p. ni. The other two planes left Wash- 
ington 8:45 a. in. and 2:00 p. m., arriving at Philadelphia at 10:15 a. m. and 
3:30 p. m., respectively. The planes were generally booked to their full 
capacity of eight ])assengers, and reservations were carried many weeks 
in advance. Complete dc luxe bus service carried passengers to and from 
the planes at Philadelphia, Washington and Norfolk, and excellent waiting 
rooms were provided at the landing fields. Express was actually carried 
from door to door at a rate of 2.S cents per pound with free collection and 
delivery service within the limits of each city. The management of this air- 
line found that passenger and freight transport revenue jiaid about 50 per 
cent of the operating expenses, so in order to have made the line profitable, 
mail matter should have been carried to provide the additional required revenue. 

U. S. Air Mail Figures. — The Air Mail figures for a period when 198,- 
262 miles were flown in one month gives the direct cost of transportation 
per mile as approximately 23 cents but the amount expended for each mile 
flown was $1.36. This means that for every hundred miles of flying, $136.00 
was spent, of which only $23.00 was direct cost figuring ]>ilots ])ay and 
expense accounts, gasoline, oil and forced landings. The jH)wer used in a 
U. S. Mail plane could easily transport six peo])le at the same speed as the 
mail is carried or about 120 miles per hour and could imdoubtedly carry ten 
passengers in an airplane designed to fly at 90 tniles per hour. This means 
that the fare to be charged per j)asscnger, to make the line self-su])i)orting 
would be $13.60 per 100 miles. A ])rivate operator would require a profit 
over the costs, so if he charged $15.00 jkt passenger for the 100 
mile trip he would have $2.40 ])rofit ])cr passenger or about 16 per cent 
gross profit. Of the total expenditure per mile, the figures for the 
month indicated that about 24 ]>er cent was spent for maintenance of way. 
22 per cent was s])ent for maintenance of equi])ment; about 17 per cent 
represented direct trans])ortation cost, 6 ])er cent was cxj)cnded for exe- 
cutive overhead and the balance or .slightly over 30 per cent was charge- 
able to the capital account. The usual “taxi” charge for carrying |)as- 
sengers in a small plane is about $30 per hour. Tf two ])asscngers are 
carried, it will cost them each $15 to fly about 100 miles. "J'he same dis- 
tance by train would cost them each from $4 to $6. Tn an airplane the 1(K) 
mile trip would be made in an hour, by rail the trip would take 2j/j to 3j/j hours. 

How Charges Are Based. — Tf one bases his figures on the Air Mail, as a 
general basis for calculation, the commercial openitor can figure his costs 
of flying at from ten cent to fifteen cents ]^er passenger mile with airplanes 
of reasonable capacity. Jf ten passengers w^eigh 1,5(X) pounds, or an aver- 
age of 150 i)ountls ])er person, then a i)lane ca])able of carrying that live load 
could transport about 2,000 pounds at somewhat lower speed and still main- 
tain a 3 to 1 ratio or better over rail transport. If it costs $136 to carry ten 
people 100 miles, it wdll cost about the same amount to carry one ton of 
freight or express which indicates that a pound of such material can be 
carried by air 100 miles for about seven cents, so if any profit is to be 
counted on the rate would be about $10 per 100 pounds per 100 miles. 
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The experience of French and English airplane operating companies 
bears out cost estimates as given above as without considering capital 
charges or profits the cost per airplane mile runs about $1.10. A profitable 
airplane route carrying passengers, mail or freight should figure on a 
revenue of about $2 per airplane mile because the operating cost, including 
capital charges will run at figures ranging from $1.25 to $1.50 per airplane 
mile considering only normal maintenance. Some allowance must be made 
to cover unusual depreciation and ‘‘washouts” due to accidents, also such 
items as income taxes and capital sur])lus. The cost of flying sport planes 
will run from 30 cents to 50 cents per airplane mile, depending on the initial 
investment and the amount of outside assistance needed to maintain the 
airplane. In army circles over ten years ago we used to estimate our costs 
of flying training shijxs at about $1.00 per airiilane mile, a figure which 
modern experience indicates is not veiw far from the average for a 100 
horsepower 2 or 3 place bijilane of wood and fabric construction. 

Why Various Estimates Conflict. — There have been many conflicting 
estimates given of air])lane o])crating costs when these have been applied 
to commercial uses, and the reason for this conflict between authorities is 
the numerous factors that determine the initial investment required and 
the operating and fixed charges. Then again, there has been no uniform 
.system of accounting and variations in this ])ractice will make consider- 
able differences in final figures because of the ai)i)ortioning of various 
charges to different accounts. These factors are numerous and diversified. 
Among those that wu‘11 have a vital influence are the following: Volume of 
traffic and amount of work done l)y each plane. The size of the ])lanes and 
amount of paying or revenue producing load carried i)er horsei)ower. The 
amount of revenue producing load carried each trip is important, as “ferry” 
w'ork, which means trips wdthout revenue pnxlucing loads or the mere 
transport of the airplane from one terminal to another, costs money with- 
out producing a corresponding income. As a further consideration, one 
must determine if a close adherence to schedule w ill he necessary, whether 
routes are over land or water or both, which wdll dictate the type of air- 
craft to be used and if the bulk of the flying is to he done by day or night. 

The capital investment will lie constrollcd by the extent of local or 
government cooperation and assistance and if existing terminal facilities 
w'ill be adequate or if new^ fields and terminals must be acquired. Another 
important factor is that of airplane and engine maintenance, wdiich is 
based primarily on the experience and efficiency of the management and 
jicrsonnel. The cost of securing business and the cost and ability of labor 
used in operations, the experience and i)ay of ])ilots, the operating diffi- 
culties or natural hazards and the cost of su])plies all must enter into the 
comimtations. Figures that arc correct for one set of facts can often be 
made ridiculous by ])rest‘ntation of another set of facts. Even on lines us- 
ing the same number and type of airplanes and engines, and flying the 
same distance per trip operating costs may be higher on one than the other 
because the equipment is used more on the line having the lower cost and 
the factors of increased volume of traffic and greater intensity in the utili- 
zation of equipment has resulted in a greater revenue and a greater spread- 
ing out of operating and ca])ital charges. A cold-blooded analysis by com- 
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Fig. 358. — Final Assembly Floor of the Boeing Airplane Factory Showing Quantity Production of Biplanes. 
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petent engineers must be made before any airline is projected or capital is 
invested in such projects. 

Location, Cost and Size of Landing Fields. — A field, with runways at 
least 2,000 feet long in two directions at right angles, recommended by the 
Joint Committee on Civil Aviation of the United States Department of 
Commerce and the American Engineering Council. The Chief of the Air 
Mail Service states that a field should be approximately 2,000 feet square 
and that no obstructions should exist within 1,500 feet of the field boun- 
dary. The usual length of run for an air mail plane in still air is 1,000 feet 
for taking off and 1,500 feet for landing. The distance given for landing 
can be cut in half by the use of wheel brakes. The taking off run cannot 
be changed materially. The emergency fields on the transcontinental air 
mail route are selected to give East and West runways of 2,000 feet long 
and at least 900 feet wide, with clear approaches. 

The investment in a landing field varies between wide limits. Land, in 
general, is leased. Municipal fields at St. Joseph, Mo.; St. Louis, Mo.; 
Cleveland, Ohio; and Hartford, Conn.; where the land has been purchased, 
show an average cost of $522 per acre and an average size of 120 acres. 
Cleveland ai)i)ro])rialed $1,250,000 to buy and condition the Cleveland air- 
l)ort. The average ])ricc for the land under the city o])tions was approxi- 
mately $1,000 ])er acre. Land adjacent has recently been appraised at from 
$1,500 to $1,8CX) per acre. The cost of ])reparing the surface of the field also 
varies widely, lloston has spent over |50,0(X) for this item; Cleveland, $72,000; 

I lartford, $10,000; Ikiltimorc, $1,200; vSt. Joseph, $4,000 and Iowa City, $1,000. 
Complete lighting of a field for night flying, with a flood light, revolving beacon 
and boundary lights to mark the field outline, may cost up to $10,000. 

The distance of the field from the center of the city varies with the size 
of the city, the greater distances going with the larger cities. The follow- 
ing table from ‘V\viation'’ gives the characteristics of the principal fields 
used by the Air Mail Service in respect to size, distance from the post office 
and the time usually taken to transport mail by truck from the field to the 
post office : 




Distance from 

Time of trip 



Post Cdfice 

of truck 

Field 

Si/e (ft.) 

(Miles) 

(ai)prox.) 

New York, N. Y. 




Hadley Field, 




New Brunswick, N. J 

1800x2200 

31 1 

90 min. 

Bellefonte, Tki 

1 (>35x2276 

3 

20 min. 

Cleveland, Ohio 

3:>0()x2700 

10 

40 min. 

Jiryan, Ohio 

1877x1944 

1 

10 min. 

Chicago, Til. (Mavwood) 

2500x2500 

12 67 

60 min. 

Iowa City, la 

2500x1800 

2.5 

20 min. 

Omaha, Neb 

2000x2000 

k 

45 min. 

North Platte, Neb 

2600x3000 

4 

25 min. 

Cheyenne, Wyo 

2100x1800 

2 

10 min. 

Rock Springs, Wyo 

2000x1500 

4 

30 mill. 

Salt Lake City, Ulah 

2000x1000 

5 

20 min. 

Elko, Nevada 

2000x2600 

1 

10 min. 

Reno, Nevada 

2200x2200 

3 

20 min. 

Sacramento, Calif 

6400x4300 

11.75 

45 min. 

Concord, Calif 

1500x1300 

2 

20 min. 

San Francisco, Calif 

1200x600 

4 

35 min. 
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Catapults and Airplane Arresters. — One of the drawbacks to commercial 
aviation, in the minds of some people, is that flying terminals must be and 
usually are located at some distance from the city they serve, largely be- 
cause a sufficient area of land can be secured only at some distance from 
center of civic activities. As ordinary means of transportation must be 
used from the airport to the city, considerable time gained in the air is lost 
at the terminal. If means are devised to permit airplanes to land and 
take-off from limited areas, it might be possible to have landing areas right 
in the heart of large cities, the platform being supported by or acting as 
the roof of a number of large buildings. Aircraft carriers for naval use 
have special decks for landing if land machines are used, and catapults are 
utilized to launch the airplane, which may be either of the land or seaplane 
type or a combination of the two. It has been suggested that Avhen a land- 
ing platform is erected in a large city that it cannot have the area pro- 
vided for a flying field outside of city limits. A ])latform 1,000 feet square 
would be a very small landing field and as it would be five city blocks long 
and five city blocks wide, assuming 200 feet for each block, it will be appar- 
ent that structural problems of such magnitude would be involved that their 
solution would be rather difficult, though by no means impossible. 

The Langley, a pioneer American aircraft carrier has a deck 65 feet 
wide and 503 feet long. As this is a mobile ])lalform that can be headed 
into the wind, it will be apparent that modern land planes equipped with 
wheel brakes can land without relying entirely u])on the arresting gear. 
A landing ])latform over the roofs of buildings should be at least 600 feet 
square because the winds vary in direction and enough space must be pro- 
vided so the plane can land headed into the wind which may be coming 
from any point of the compass. On the Langley, the arresting gear is on 
the aft part of the deck and covers about one-third its length. Jt consists 
of ropes and nets attached to sand bags so the plane running gear is re- 
tarded as soon as the arresting gear is reached by the braking effect of the 
sand bags dragged along the deck and the load can be progressively aj)- 
plied and augmented because more sand bags will be dragged along as the 
plane loses momentum. 

The gear used by the United States Navy at the present date does not 
take up so much room that it could not be mounted on the roofs of several 
large sized office buildings and successfully operated. The l.oening Am- 
phibian, an airplane weighing 3,300 pounds emi)ty, carrying a useful load 
of 2,200 pounds and with a high speed 'of 122 ni.p.h., was recently launched 
by catapult in a distance of 50 feet. It is understood that scout planes of 
the Vought type are arrested in from 40 to 50 feet on the U.S.S. Langley. 
The problem of landing on a stable surface Avould be much simpler than 
making contact with the deck of an airplane carrier at even stalling speed 
if the vessel w^as pitching due to rough w'ater. It has been stated that suc- 
cessful landings have been made on the deck of the U.S.S. Langley with 
the stern of the vessel having a travel of 30 feet in a vertical direction. If 
the plane fails to engage the arrester, the landing platform would offer no 
obstruction to continued flight. The shortest distance in which a good 
landing can be made l.)y a skilled pilot is about 200 feet by making a ^‘stall 
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landing, so as platform 600 feet square would be ample if provided with 
arresting gear and launching catapults for present day airplanes. 

Other uses for arresters and catapults seem to be further in the future 
and their mention is not to be taken as a forecast. Airplane service to and 
from ships on the high seas would be a convenience, although probably 
costly. It is also possible that landing platforms may be anchored in a 
chain across the Atlantic to provide for transatlantic flight. Such plat- 
forms can be built with horizontal vanes or surfaces below the depth of 
wave action and, thereby, rendered practically stable and they can be double 
decked, the top deck being used for landings and the space between decks 
for equipment, sup])lies and plane storage. 



Fig. 359. — Boeing-Navy Tandem Motored Boat Seaplane in Flight. Water Provides 
Excellent Alighting Facilities for Aircraft Equipped with Suitable Floats. 

It should be remembered that, while exceptionally long non-stop flights 
may be made, the jwofitable operation of commercial airplanes is limited 
to relatively short non-stop flights, since the great weight of fuel necessary 
for a long non-sto]) flight decreases the jiossiblc ])ay-load to an unprofitable 
extent. At present this limiting distance is in the neighborhood of five 
hundred miles. It may, of course, be possible to refuel while in flight, but 
it seems more likely that if the Atlantic, or other oceans, \arc eventually 
crossed by commercial airplane routes, some provision for landing at inter- 
mediate stations will be made. 

Launching by Catapult. — When launching by catapult, the airplane 
must be brought from at-rest up to a siieed of 50 m.p.h. in a run of less 
than 50 feet. This requires an acceleration of 2.5 c/, where g is the accelera- 
tion of gravity, and reinforcement of the airplanes to withstand this thrust. 
The primary conditions are that the airplane must be made fast to the 
launching-car, so that it will not nose over while the engine is being 
warmed-up. Throughout the accelerated run it must be held fast to the car, 
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so that the rolling of the ship and side winds will not cause the airplane to 
leave the car and also that, because the center of gravity is well above the 
deck of the car, the acceleration imposed will not cause the airplane to 
turn over backward. 

The launching procedure is about as follows : The airplane is secured 
to the launching-car, which is latched at the head of the run, the air-flasks 
are charged to suit the conditions of launching and the engine is warmed- 
up. When everything is ready, the catapult is trained into the relative 
wind are nearly as possible. When the pilot is satisfied with the condi- 
tions, he gives a signal, the catapult valve is thrown to the operating posi- 
tion and the car is released. It proceeds down the track under accelera- 
tion provided by the cata])nlt engine until the car is about 1 foot from the 
car-arresting device. At this point, the air pressure is released and the car 
and the airplane proceed together until the car hits the arresting device; 
then, the car being retarded, the airplane forges ahead, releases itself from 
the car and proceeds on its flight. The latest development, is a powder 
catapult in which a powder charge is used instead of compressed air. This 
has been very successful, and the problem of controlled acceleration has 
been solved. The first launching was accomplished in 0.9 seconds in a 30 
foot run, though from 1.5 to 2.0 seconds is used at present depending on 
the amount of head wind and the weight of the plane being launched. At 
first the car which carries the airplane was .shot overboard, though it was 
recognized that this Avould not do in service. The problem of stopping 
the car was solved evejitually, but it was not an easy one because forces 
in the nature of 20 g have to be handled, so as to reduce the distance for 
stopping the car to the minimum, and the car weight must not be exces- 
sive. Up to this year, compressed air has been used for the purpose and 
the problems involved are thoroughly understood and solved. Launching 
by catapult was the system used in early Wright and Langley air])lancs but 
the U. S. Navy device is a big step forward from the simple falling weight 
used by the Wright Brothers and previously described. 

High Speeds at High Altitudes. — A possible future development in 
passenger transport Avith airj)lanes is the use of lu'gh flying craft for pas- 
senger carrying on a commercial scale. For long distance flights, aero- 
nautical and meteorological authorities seem agreed that better and more 
uniform weather, favoring winds and greater speed can be obtained at al- 
titudes in excess of present day airplane ceilings. While there are many 
problems that will rc(iuire solution before commercial flights at a distance 
of from 8 to 10 miles above the earth’s surface will be practical, there is no 
reason to believe that they will remain unsolved and it is entirely within the 
realms of probabilities as well as possibilities that the next generation may 
be transported at speeds up to 300 miles per hour at high altitudes because 
racing airplanes have made better speeds than 250 miles per hour a few 
thousand feet above sea level only recently. A writer in Aviation dis- 
cusses some of the problems and suggests lines along which their solution 
may be attempted in an interesting manner as follow^s; 

“Flying at 50,000 feet, an air tight cabin with normal ground atmos- 
pheric pressure inside would have to withstand a bursting force of 13.01 
pounds per square inch. By making a cylindrical cabin of a diameter of 
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8 feet, with semi-spherical ends, so that all parts were in tension, a safety 
factor of four could be obtained by using sheet duralumin of a thickness of 
.0694 inch. As such thicknesses are common practice in flying boat hull 
construction, it is fairly obvious that weight would not be prohibitive. By 
using a wind driven air pump, normal pressure could be maintained in the 
cabin and fresh air supplied. Temperatures at 50,000 feet, vary from about 
130 degrees fahrenheit, at the equator to — 70 degrees fahrenheit, in the 
temperate zones. The compressed air from the supercharger would be 
heated and, with the exhaust heat and insulation possibilities, the cabin 
could easily be kept warm. 

At 50, OCX) feet, the air has about 1/6 the ground density, and the plane 
would have to travel at 2.56 times ground speed to maintain itself in the air. 
Although the lift/drag ratio remains the same, the plane would have to 
travel forward 2.56 times as far in a given time to stay in the air and, thus, 
would ref[uirc 2.56 times the power necessary to keep it in the air at ground 
level. However, to attain the same high speed at ground level would re- 
quire about fifteen times the power. The power loading would, of neces- 
sity, be very low, a fact which is probably the most serious problem from 
the commercial standpoint, as it limits both the length of the flight and 
the useful load. 

The most difficult problem next to that of sustentation to be solved is 
getting and delivering the ]K)wer at these altitudes. Fortunately for the 
advancement of aviation, McCook Field has been doing an immense amount 
of work along these lines. The su])crcharger has been develo])ed to i\ ])oint 
where it ceases to be fantastic to claim that full power will ultimately be 
developed at 50,000 feet. McCook Field engineers have built propellers of 
great diameter and area, they have built variable pitch propellers and, 
perhaps equally important, they have built and applied to airplanes a 
change gear mechanism so that a geared propeller can become a direct 
drive propeller. 

Little is known about wind condition at very great heights, but, from 
existing knowledge, it can safely be said that, between 30,000 feet and 60,- 
000 feet, favorable or neutral winds can be found if the course can be varied 
from southern to northern routes. In the region of the trade winds, for 
example, five different general layers of wind direction have been noted. 
These altitude winds arc much more regular than the surface winds, and 
their velocity is higher th(uigh not as high as jjopularly supposed.” 

Killing Insect Pests by Airplane. — Considerable success has attended 
the experiments of the United States Dei)artment of Agriculture in the use 
of the airplane as a means of distributing poison dust over both treeless and 
wooded swam])y areas for control of malaria mosquitoes. In the final tests, 
more than 99 i)er cent of the larvae in the area treated were destroyed with 
one application. In developing the method of handling the planes so as 
to distribute the dust properly and in determining the quantity of Paris 
Green to use, flights were made first over open fields, then over dry woods, 
and, finally, over various types of mosquito-breeding swamp and lake 
areas. With an experienced pilot, and when careful attention was given to 
the spread of the dust, no special difficulty was encountered in distributing 
it over the treeless parts of the lakes. Furthermore, from a single experi- 
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360. — De Haviland “Hercules” Cabin Biplane Used by Imperial Airways on New Air Route between Cairo and Karachi. 

Air-Cooled Engines Used for Power. 
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ence in treating rice fields, this type of breeding place appears to be par- 
ticularly well adapted to control by airplane dusting, because of the absence 
of trees and other obstructions which interfere with close flying. Even in 
such places as the heavily wooded areas where the water was protected by 
dense overhead foliage and where the planes had to be flown high enough 
from the ground to clear the tallest trees, the dust was found to have pene- 
trated the thick grcnvth and to have reached the water in sufficient quanti- 
ties to destroy the larvae. The quantit}^ of Paris Green used in the experi- 
ments varied from about one twentieth of a ])ound to several pounds per 
acre. Because of the small amount of poison required to kill the larvae, 
the Paris Green Avas mixed with an inert dust of some sort, finely ground 
silica earth being the carrier used in most cases. 

Successful results have been obtained in dusting i)oison on the cotton 
crop in the South to control the boll Aveevil, as well as in dusting poison 
on sAvam])S to control mos(|uitoes. Control of these two insects by airplane 
(lusting may be said to have passed the experimental stage. Meainvhile 
many experiments have been carried out to determine the efficacy of air- 
])lanc dusting in controlling a great many other insect ])ests, and very 
interesting results have been obtained. 

One exj^eriment consisted in dusting a small plot of catalpa trees badly 
infested by the catali)a spliynx. A small plane Avas used, carrying about 
one hundred pounds of lead arsenate and flying from tAventy to thirty-five 
feet above the trees. Ports -six hours after the application the ground was 
literally coA'ered Avith dead and dying caterpillars, and the effectiveness of 
the dusting Avas estimated at 99 per cent. It Avould have been almost im- 
lK)Ssible to ]K)ison the cater])illars by dragging a high-pressure land ma- 
chine through the grove. 

Successftd experiments have also been made in dusting the gy]>sy moth 
in New iMigland, and in dusting peaches in Georgia, against the curculio 
and the i)each leaf curl. T.eaf lujppers have been controlled in Mexico by 
air])lanc dusting. 

One experiment Avhich deserves particular attention consisted in dust- 
ing some apple orchards at Monroe, Oregon, against the coding moth. 
I>()th the airplane and the dusting equipment were makeshift, Init the results 
shoAved that thirty-one pounds of dust per acre api)licd by the airplane 
were just as effective as forty-eight ])()unds per acre a])plied by a laiKl machine. 

Another very significant ex])eriment Avas carried out on alfalfa near 
Ontario, Oregon, against the alfalfa weevil. In this case the dusting appa- 
ratus Avas improved, but the airplane was far from being suited for this 
kind of Avork. Calcium arsenate was used, and exactly tAvo hundred acres 
were dusted in one hour, including tAAO landings for materials. The aver- 
age progress of a horse or motor draAvn land machine doing the same AVork 
is about six to eight acres per hour. The worms began to shoAv consider- 
able mortality in the second day after dusting, although when dusted Avith 
land machines little or no mortality occurs until the third or fourth day. 
i-.ater examination showed that the fields dusted by airplanes Avere almost 
entirely free of Aveevils. The cost of api)lication Avas approximately one- 
third the cost of using a land machine, and there Avas no damage to the 
standing hay, as is unavoidable when land machines are used. 
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361.— Official U. S. Army Air Service Photograph Showing Non-Rigid Airship at Scott Field, Belleville, 111. This Type is Adapted 

for Military Rather than Commercial Use. 


. SOil£ aspects' OF COMMERCIAL AVIATION 721 

Airport and Landing Field Terms 

airport — A locality, either of water or land, which is adapted for the land- 
t ing and taking off of aircraft and which provides facilities for shelter, 
supply, and repair of aircraft; or a place used regularly for receiving 
or discharging passengers or cargo by air. 
airship station — The complete assembly of sheds, masts, gas plants, shojis, 
^ landing fields and related equipment required to operate airships and 
‘ supply their needs. A station may include all or a part of the items 
enumerated. The base from which airships are operated, 
apron — »A hard surface area of considerable extent immediately in front of 
the entrance of a hangar or aircraft shelter which is used for the 
handling of aircraft or for repair in clear weather, 
balloon bed — A mooring place on the ground for a cajitive balloon, 
dock — A term sometimes a])plied to an airshij) shed. 

docking rail — A rail or a guide, constructed on the landing field and ex- 
tending into the shed which su])plies a means for holding the lateral 
pull of an airship’s docking or handling lines. The pull is transmitted 
to the rails from wheeled cars or trolleys which arc fitted on or in the 
rails. Usually two rails arc fitted at the greatest distance apart which 
will permit them to he run into the shed, 
docking trolley — A car or trolley fitted on (or in) docking rails to transmit 
the pull of an airship docking line. Jt is fitted with wheels having 
antifriction bearings so it can move freely in the rail. Usually some 
sort of quick-release device for letting go the line is also fitted, 
emergency landing field — A locality, either of water or land, which is 
adajited for the landing and taking off of aircraft, but wdiich is not 
equipped with facilities for shelter, siqiply, and re])air of aircraft and 
is not used regularly for the receipt or discharge of ]>assengers or 
cargo by air. 

ground cloth — Canvas i)laced beneath an aerostat for its protection during 
inflation and deflation. 

ground gear — The gear, or ecjuijinient, necessary for the landing and 
handling of an airship on the ground, 
hangar — A shelter for housing aircraft. More jirojierly applied to heavier- 
than-air craft. 

landing crew — A detail of men necessary for tlu* landing and handling <»f 
an airship on the ground. A “ground crew.'^ 
landing field — A field of such a size and nature as to jiermit of aircraft 
landing and taking off in safety. It may or may not be jiart of an 
airport or air station. 

landing T — A large symbol shaped like a capital T which is laid out on 
a landing field or on the top of a building to guide operators ol aircraft 
in landing and taking off. 

mast main mooring line — A line led from the main winch of a mooring mast 
through the mooring attachment at the to]) of the mast and carried out 
to a point on the ground well to leeward of the mast. The airship’s 
main mooring line is attached to this line and the airship is hauled to 
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the mast by means of the joined lines. Sometimes called ‘"ground 
wire” (British). 

mast yaw line — One of the lines led from a winch at the base of the moor- 
ing mast through snatch blocks and carried out to leeward of the mast. 
The airship’s yaw lines are attached to these lines. The snatch blocks 
are fixed to anchorages selected so that the joined lines tend to keep 
the airship into the wind and prevent her overriding the mast. These 
lines arc also sometimes called “mast yaw guys” or “mast bow-steady- 
ing lines.’* 

mooring drag — A movalde and/or varial)le weight suspended from the after 
part of an airship’s structure while moored at a mast to aid in restrain- 
ing the vertical and lateral motions of the stern of the airship. 

mooring mast — A mast or tower at the top of which there is mounted a 
fitting, so that the bow of an airshi]) may be secured. It is usually pro- 
vided with a ladder or staircase and a ])latforni at the top, so that crew 
and ])assengers may enter or leave the airship, and also with ])iping 
for the supply of fuel, gas, and \vater. Sometimes called “mooring 
tower.” 

overhead suspension — A line leading from the roof of an airship shed and 
arranged to sustain the whole or a ])art of the \veight of the structure 
of an airship when it is docked. 

ram — The combination of tubes and s])rings which is mounted in gimbals 
at the top of a mooring mast. It consists of an outer tube which carries 
the gimbal mounting and within which slides an inner tube. The ujipcr 
end of the inner tube carries the hollow cone wdiich receives the air- 
shi])’s mooring cone and which is fitted to revolve freely. The inner 
tube can slide down into the outer tube and comi)ress heavy springs, 
thus easing the shock when the mooring is made. 

shed — A shelter for housing airships. 

shore — A structural member for supi)(>rting the structure of a rigid or 
semi-rigid airshi]) during building or docking, used in conjunction with 
(or without) a cradle. 

snatch-block anchorage. — An anchorage set in the ground for a snatch 
block used Avith a yaw^ line from a moorings mast. Idie anchorages may 
be of concrete or timber and are usuallV arranged at equal intervals 
around the circumference of a circle whose center is the mast; ma\ 
also be applied to any anchorage for a snatch block used in hauling 
down an airshi]) or kite balloon.- 

three-point mooring — A system of mooring, an airship. It consists pri- 
marily of three lines running from a mooring ring (or i)oint) on the 
airship to three points on the ground. These points are usually at 
the vertices of an equilateral triangle. The lines may be secured to 
anchorages at the points or run over snatch blocks and to equalizing 
gear. The endeavor is to moor the airship in such a manner that the 
dynamic lift due to the relative wind shall keep the airship at a con- 
stant height from the ground. It may be considered as a substitute 
for a mooring mast, usually an emergency substitute. 
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Fig. 362.— Instrument Board Showing Engine and Plane Performance Indicators and 
Airplane Navigation Instruments. 


QUESTIONS FOR REVIEW 

1. What factors made airlines established imniedialely after the World War tin- 
])rorital)le? 

2. Outline some of the uses to which airplanes may be j)rolilahly applied. 

3. What are the fundamental requirements of commercial airplanes? 

4. Describe advantages of all-metal construction for commercial airplanes, 

5. Name main items entering into a consideration of airplane operating costs. 

6. How^ big should a landing field he for an airport? 

7. What is the main consideration in making an airline profitable'^ 

8. How much per mile dties it cost to operate airplanes of various types? 

^). Discuss airplane launching catajiiilts and landing arresters. 

10. What important aid to agriculture can the airi)lane render? 



CHAPTER XVIII 

AIRCRAFT INSTRUMENTS AND AERIAL NAVIGATION 

Classes of Aircraft Instruments— Definitions of Instruments and Auxiliary Apparatus 
— Typical Instrument Boards — Instruments for Showing Air and Oil Pressure- 
Pioneer Engine Gauge— Fuel Level Gauge — Fuel Flowmeters— Distance Type 
Thermometers — Instruments for Supercharged Engines — Tachometers— Centri- 
fugal Tachometer— Chronometric Tachometer— Tachometer Drives— Air Speed In- 
dicators — Recording Air Speed Meter — ^Table XXIII, Air Speed Corrections — ^Air 
Speed Indicator Troubles — Air Distance Recorder and Speedometer — ^Aneroid Al- 
timeters — Calibration of Aneroid Altimeter — Barographs — Rate of Climb Indica- 
tor — Turn and Bank Indicator — Flight Indicator — Anemometers — Magnetic Com- 
pass, Card Magnetic Type — Earth Induction Magnetic Compass — Installation and 
Compensation of Magnetic Compass — A Sun Compass — Radio-Direction Compass 
— Measurement of Drift — Airship Instruments — Manometers — Gas Pressure 
Alarms — Detectors for Gas Leakage — Measuring Gas Temperature — Resistance 
Thermometer — Thermo-couple Indicators — Statoscopes — Fire Extinguisher — Some 
Notes on Aerial Navigation — Night Flying— Plane Equipment for Night Flying- 
Influence of Weather. 

The airplane is clifTerenl from the motor car in that it is operated for 
the most part at the present time on uncharted airways whenever it de- 
parts from the few estal)Iished airways that have been lighted and charted 
hy the United States Air Mail or Army Air Service or that have been es- 
tablished by the Department of Commerce. For this rea.son aircraft mak- 
ing long trips must have all of the instruments that are needed in Marine 
Navigation. As so much depends on the engine, or engines, as the case 
may be, the airplane pilot must have a series of indicating instruments that 
will show how the power plant and its auxiliaries are functioning. A ship 
is navigated, when out of sight of landmarks by compass and sextant ob- 
servations, but in addition to these, the navigator of an aircraft must also 
have instruments showing his direction and speed of travel vertically as 
well as horizontally. The pilot may be o])crating his air])lane in a heavy 
fog, or in the clouds where he can not always place reliance upon his senses 
so various instruments must be provided by which he can be aided in con- 
trolling his airplane. 

An airplane or airshij), has a wide variety of instruments, some of which arc 
merely modifications of devices previously used on automobiles and ships 
and a number that have been devised especially to meet the peculiar op- 
erating conditions found only in aircraft. For example, the tachometer 
that records the engine speed is a modification of the automobile 
.speedometer, oil and pressure arc similar to like instruments in 

automobiles. The magnetic conpiass is a modified form of ship's compass. 
Then we have that class of special instruments such as Bank and Turn in- 
dicators, earth induction compass, rate of climb indicator and air speed 
indicator that have been developed mainly for aircraft use. 

Classes of Aircraft Instruments. — It is not possible, in a book of this 
general character to devote the space that would be necessary to describe 
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completely the instruments, recorders and other devices that have been de- 
veloped and found necessary, in the operation and maintenance of military 
and commercial aircraft as a proper and adequate consideration of this 
subject demands a volume of its own. It is necessary, however, to briefly 
classify and describe the most important of such instruments for the bene- 
fit of those readers who seek general rather than specialized knowledge of 
any one branch of aeronautical science. The design and correct application 
of instruments is work on which a person might specialize for a lifetime 
without exhausting its possibilities. Instruments, in the opinion of the 
writer may be classified as follows: 

(a) Engine Instruments: Switch, Ammeter (Battery System), Tacho- 
meter, Thermometers, Fuel and Oil Level Gauges, Fuel and Oil Consump- 



Fore and aft level indicator 
and inclinometer 


Fig. 363.— The Instruments Used on Lindbergh’s Ryan Plane on his New York to 

Paris Flight. 

tion Gauges, Engine Gauges, Air Pressure and Oil Pressure Gauges, Super- 
charger Indicators. 

(b) Airplane Control Aids: Bank and Turn indreator, Rate of Climb 
Indicator, Pitching Indicator, Air Speed Indicators, Altimeters, Anti-Stall 
Devices, Gvroscopic Control. 

(c) Airplane Navigation Aids: Altimeter, Magnetic Compass, Earth 
Induction Compass, Goerz Sun Compass, Sextants, Clock, Air Distance 
Recorder, Drift Indicator, Radio Directional Compass. 

(d) Special Airship Instruments: Manometers, Gas Pressure Alarm, 
Gas Leak Indicators, Gas Temperature Indicators, Staloscoiies. 
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From the foregoing' it will be evident that no attempt has been made to 
classify instruments having to do with military activities or radio communi- 
cations. A fully equipped military airplane for reconnaissance or bombing 
is really a flying laboratory and arsenal because in addition to the instru- 
ments enumerated it carries armament, radio, camera, bomb dropping and 
sighting apparatus and other items not used in commercial aircraft for 
general applications. If operated at high altitudes, oxygen regulating and 
supply devices are necessary. 

The following alphabetical list, with definitions given by the National 
Advisory Committee for Aeronautics in their Ret)ort No. 240, Nomencla- 
ture For Aeronautics, will serve to show the large variety of instruments 
and auxiliary apjiaratns dcvelo])cd for use with aircraft, and this by no 
means includes all of them. 
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Instruments Used by Charles Lindbergh on his Trans- Atlantic Flight, also by Other 
Pilots Who Followed his Example. 


INSTRUMENTS AND AUXILIARY APPARATUS 

accelerometer — An instrument for indicating, measuring, or recording ac- 
celerations. 

air log — An instrument for measuring the linear travel of an aircraft rela- 
tive to the air. One form consists of a windmill willi a revolution counter. 

air-speed meter : 

air-speed indicator — An instriiment for indicating tli(‘ speed of an aircraft 
relative to the air. It is actuated by the ])ressure dcvelo])cd in a suit- 
able pressure nozzle or against a suitable obstruction and is graduated 
to give true air s])eed at a standard air density. 4die speed indicated 
by the instrument is termed the ‘hndiented air si>eed.” (The indicated 
speed is a direct measure of the lift or drag exerled on the airi)lane at 
any altitude. Stalling at all altitudes occurs for the same value of the 
indicated si^eecl.) (Fig, 363.) 

true air-speed meter — An instrument for measuring the true speed of an 
aircraft relative to the air. The Rirani and Robinson anemometers are 
of this type. 
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altigraph — An altimeter equipped with recording mechanism. Present in- 
struments arc of the aneroid type. The chart, driven by clockwork, is 
usually graduated in feet or meters in accordance with some empirical 
or arbitrary pressure-tcmperalurc-altitude formula. In other words, 
it is a barograph whose scale is designed to read heights. (Fig. 384.) 
altimeter — An instrument for measuring or indicating the elevation of an 
aircraft above a given datum jdane. (Fig. 363.) 
anemometer — An instrument for indicating or measuring the speed of an 
air stream. (Fig. v300 C.) 

aneroid altimeter — An altimeter, the indications of which depend on the 
deflection of a ])ressure-sensitive element, d'he gradiiations of the dial 
correspond to an empirical or arbitrary pressure-tem])erature-altitude 
formula. (Figs. 382, 383.) 

ballonet-fullness indicator — An instrument for indicating the volume of air 
in a ballonct. 

barograph — An instrument for recording the ])aromelric or static ])ressure 
of the atmospliere. (Kig. 384.) 

drift bar — A ])art of a drift meter r)r other instrument for indicating the ap- 
parent direction of motion of the ground relative to the fore-and-aft 
axis of the aircraft. Tt usually consists of a wire or arm which can be 
set along this direction of imUioii. Cf. drift, 
drift meter — An instrument for measuring the angle between the fore-and- 
aft axis of an aircraft and its ])ath over the ground. One form consists 
of a drift bar ])rovided with a suitable angular scale. Cf. drift. The 
instruinent is graduated to read correctly when it is level, 
electrical-capacity altimeter — An altimeter, the indications of which depend 
on the variation of an electrical capacity with distance from the earth’s 
surface. 

engine altimeter — An altimeter for indicating the altitude corresponding to 
the i)ressure produced in tlie intake manifold of a supercharged engine, 
flight indicator — An instrument in which a lateral incliiunneter or a ]>itch 
indicator, a fore-and-aft inclinometer, and a turn indicator arc^ combined 
to form a compact unit, t I'ig. 3^)0 A.) 
flight recorder — An instrument for recording certain elements of the ])er- 
formance of an aircraft. 

gas-cell alarm — A device, fitted adjacent to a gas cell, which indicates or 
warns when a ])redetermined limiting jwessure has been reached in the 
gas cell. Also called “pressure alarm.” 
ground-speed meter — An instrument for measuring the speed of an aircraft 
relative to the ground. In jiresent ty])es of instruments some reference 
line in the instrument must first be set jiarallel to the aiqiarcnt direction 
of motion of the aircraft with reference to the ground before the speed 
measurement is made. This is usually accomi)lished by the use of a 
drift meter, the adjustment of which automatically orients the ground- 
S])eed meter properly. Thus both the magnitude and direction of the 
motion of the aircraft with reference to the ground are obtained, 
gyroscopic turn indicator — A turn indicator dependent on gyroscoi)ic action, 
inclinometer — An instrument for indicating the attitude of an aircraft. In- 
clinometers arc termed fore-and-aft, lateral, or universal, according as 
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they indicate inclination on the vertical plane through the fore-and-aft 
axi9, or in the vertical plane through the lateral axis, or in both planes, 
respectively. 

induction compass — A compass, the indications of which depend on the 
current generated in a coil revolving in the earth's magnetic field. 
(Fig. 363.) ^ 

absolute — An instrument which indicates the attitude of an aircraft with 
reference io the vertical. The indications of instruments of this type 
usually depend on gyroscopic action, 
relative — An instrument which indicates the attitude of an aircraft with 
reference to apparent gravity; i.e., to the resultant of the acceleration 
of the aircraft and that due to gravity. 

kymograph — An instrument for recording the angular oscillations of an 
aircraft in flight with respect to axes fixed in space. The reference 
direction is usually given by a gyroscope or beam of sunlight. 

leak detector — An instrument which delects the presence of hydrogen and 
other light gases in the air and which can 1)C adajited to find leaks in 
a container inflated with such a gas. 

mechanical stabilizer — A mechanical device to prevent an aircraft from 
departing from a condition of steady motion, or. in case such a motion 
is disturbed, to restore it to its steady state. Includes gyroscopic sta- 
bilizers, pendulum stabilizers, inertia stabilizers, etc. 

optical altimeter — An altimeter, the indications of which dejiend on the 
manipulation of a suitable optical system. 

pitch indicator — An instrument for indicating the existence of a jiitching 
velocity of an aircraft. Cf. turn indicator. 

Pitot tube — A cylindrical tube \vith an open end which is pointed upstream 
(i.e., so that the air meets the instrument head-on or is met head-on by 
the instrument). When the aircraft is flying less than about 200 miles 
per hour, the instrument measures the imi)act ])ressurc. When used on 
aircraft, it is usually associated either with a closed coaxial tube sur- 
rounding it or with a closed tube placed near it and ])arallel to it, the 
combination being termed a Pitot-static tube. The associated tube has 
perforations in its side so that it is subjected to static ])ressurc, as dis- 
tinct from impact ])rcssurc. The s])ecd of the fluid can be determined 
from the difTerence between the im])act pressure and the static pres- 
sure, as read by a suitable gauge. In common terminology, the l^itot- 
static combination, as above, is often termed simply a Pitot tube or 
Pitot. (Fig. 375 C.) 

power Venturi — A Venturi tube used to operate gyroscopic turn indicators 
and other instruments. (Fig. 390 P.) 

pressure nozzle — An instrument which, in combination with a gauge, is 
used to measure the indicated s]>eed of an aircraft relative to the air. 
It may be a Pitot-static or a Venturi tube, or a combination of a Pitot 
tube and a Venturi tube. 

sound-ranging altimeter — An altimeter, the indications of which depend on 
the measurement of the time required for a sound wave to travel from 
the aircraft to the earth and back. 
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speed-indicating Venturi — A Venturi tube may be combined with a Pitot 
tube or with a tube giving static pressure to form a pressure nozzle 
which may be used to determine the indicated speed of an aircraft 
through the air. The pressure difference is measured by a suitable 
gauge. 

static turn indicator — A turn indicator actuated by the difference in pres- 
sure between static tubes mounted near the wing tips equidistant from 
the plane of symmetry and in a plane parallel to the lateral axis. 
statQSCope — An instrument for detecting minute changes of altitude of an 
aircraft. The indications of the instrument usually depend on small 
changes of the static pressure of the air. 
superheat meter — An instrument for measuring the difference in tempera- 
ture between the gas in a gas container of a lighter-than-air craft and 
the surrounding air. 

thermograph — An instrument for recording the temperature, 
turn indicator — An instrument for indicating the existence of an angular 
velocity of turn of an aircraft about the normal axis. In horizontal 
flight it indicates the presence of a yawing velocity. “Turn meter*’ is 
the term applied to certain types. (Fig. 363.) 

Venturi tube — A short tube with flaring ends and a narrow or constricted 
section between them, into which a side tube opens. When fluid flows 
through the Venturi, there is a reduction of pressure in the constricted 
section, the amount of the reduction being a function of the velocity 
of flow. (Fig. 390 B.) 

vertimeter — A device for indicating the rale of rise and fall of an aerostat, 
usual!}' a special form of staloscope. A rate-of-climb meter serves the 
same, purpose, although of a diflTcrent form, 
windmill — An air-driven screw used to drive auxiliary apparatus on an air- 
craft. 

yawmeter — An instrument for measuring the angle of yaw. 

Typical Instrument Boards. — lire instrument board of a United States 
Army airplane equii)ped with Liberty motor is shown at Fig. 362. Some 
of the instruments are of the round dial lyi)C, others have vertical scales. 
At the top of the cockpit arc placed the rate of climb indicator, an altimeter, 
a thermometer for indicating water tem])eraturc and a gas pressure gauge. 
At the extreme right a clock and engine primer pump are mounted. At 
the extreme left the reader can discern the ammeter of the I’ioneer induc- 
tion type compass. Next to that is the switch controlling ignition of left 
and right banks of motor cylinders, also ammeter showing current flow to 
and from storage battery. Tn the center of the panel are groiq^ed an engine 
gauge, a vertical .scale tachometer, a vertical scale air si)ee(l indicator and a 
turn, bank and pitch indicator. The earth inductor A’ompass is shown at 
right center. The storage battery used for ignition of the Tdberty motor 
is shown just below the instrument board and forward of the control stick. 
The instruments shown at Fig. .363 show the essential plane navigating 
instruments that are needed on all airplanes. No engine or power plant 
instruments are shown in this group, Avhich has been manufactured by the 
Pioneer Instrument Company of Brooklyn, New York. This assembly 
comprises an altimeter, clock, turn and bank indicator, air speed indicator 
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and earth induction compass. All scales are of the round dial type and 
radiolite dials, which can be read in the dark are provided on all instru- 
ments. 

To demonstrate and test out their instruments in actual flight, the Pio- 
neer Instrument Company have equii)ped a vStandard airplane with two 
sets of instruments, one acting as a check on the other, shown at Fig. 364. 
This is known at the “flying vshow case.” Tint instruments in the front 
cockpit which are shown in an enlarged view at Fig. 365 include the round 
type dial instruments as follows: Oil pressure gauge, thermometer, air 



Fig. 364. — View Showing Cockpits of Specially Equipped Airplane Used by Pioneer 
Instrument Company to Demonstrate its Product and Test it in Actual Flight. 


speed indicator, tachometer, earth inducUn* compass and indicator, turn and 
bank indicator, fuel level gauge, rate-of-climl) indicator, altimeter and 
clock. The instruments in the rear cockpit are of the vertical type. The 
assembly includes an eiigine gauge unit Avhich has thermometer and oil 
pressure gauges, a fuel level gauge, tachometer, air speed indicator, a flight 
indicator comprising turn, bank and pitch indicators, earth inductor com- 
pass com])rising indicator and controller, a rate of climb indicator, alti- 
meter, air distance recorder and watch. The center section carries a wing 
type compass. The fuselage at the front of rear windshield supports a 
small type compass of the magnetic type. In front of the front windshield 
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the static ball for equalizing pressure in fuel tank and in fuel gauges is 
mounted. A drift and speed indicator is secured to the right of rear cock- 
pit. The generator for the earth induction compass is mounted at the rear 
of the rear cockpit, (not shown in photograph). A venturi tube is mounted 
on the right center section strut to operate turn and flight indicators and 
the pitot-static tube to operate the air speed indicator and the air distance 
transmitter is attached to the front of the left wing struts. 

The instrument boards shown at Fig. 366 are those of Fokker Universal 
monoplanes used by the Colonial Airways, Inc. these having practically the 
same instruments. The upper panel has magneto switch, tachometer, 
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Fig. 366. — Instrument Boards Used on the Fokker Universal Monoplanes Flown by 

Colonial Airways, Inc. 


thermometer, oil pressure gauge, air S])ecd indicator, turn and bank indicator, 
earth inductor compass indicator, altimeter, clock, compass controller, 
landing light switches, navigation light switch and lights and rheostat for 
same. The panel shown below it lias' a different t 3 ''pe of tachometer in- 
corporating recording and indicating mechanism. In addition to the in- 
struments shown on the upper panel, the lower one carries a flare testing 
and firing unit and a primer to facilitate engine starting. 

Instruments for Showing Air and Oil Pressure. — Practically all gauges 
used to indicate pressure variations in flow of fluids, whether gaseous or 
liquid operate on the principle of the Bourdon tube, which has been used 
for many years for indicating steam and air pressure. The general internal 
arrangement is clearly shown at Fig. 367 which is a simple diagram out- 
lining the principle of action. The tube is bent in the form of a question 
mark or hook and is of flattened section and made of springy material such 
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as brass, bronze or steel, depending upon the amount of pressure it is ex- 
pected to withstand. The tendency of the pressure inside the tube is to 
straighten it out, the amount of movement depending on the internal pres- 
sure. The tube has spring enough to return to its normal position when the 
pressure is released. The free end of the bent tube is connected to a gear 
sector in such a way that as the tube tends to straighten, the connecting link 
between the end of the tube and the sector or actuator transmits the motion 
of the end of the tube, rocks the sector which in turn moves the pointer by 
turning the pinion meshing with the sector and attached to the pointer 



Fig. 367. — Simplified Diagram Showing Internal Construction and Principles of Action 
of all Pressure Indicating Instruments Using the Bourdon Tube. 

shaft. In other forms of instruments the Bourdon tube may l)c re])laced by 
a flexible diaphragm attached to multiplying gearing to amplify the rela- 
tively small movement of the diaphragm under pressure variations to a 
motion of the indicating needle of vsufficient amplitude so it may be read 
easily. A movement of only a few one-thousandths of an inch of tube or 
diaphragm may produce a linear movement of the pointer relative to the 
scale that will cover the space of several graduations. 

Pioneer Engine Gauge. — This unit combines within a single instrument 
indicators of Fuel Pressure, Water or Oil Temperature and Oil Pressure. 
It replaces three separate round-dial instruments and actually occupies less 
instrument board area than any one of the three alone. With a vertical 
tachometer this instrument forms a complete power plant unit. The tem- 
perature element used in the Pioneer Engine Gauge Unit is a specially de- 
signed Boyce Motometer. This element was adopted after an exhaustive 
series of tests. Both pressure elements are of Pioneer design and manu- 
facture. The dial of the engine gauge is shown at Fig. 368 A. While a 
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side view of the triple compartment casing is shown at Fig. 369 so the gen- 
eral construction can be understood. 

Engine Gauge Units are made in two models. In type 106, which is 
illustrated at the left, all three elements are contained in a single housing 
Avhile in type 17315 each element has its individual case which may be re- 
moved inde])endently of the other two. Type 106 weighs 1.8 pounds and 



Fig. 368. — Pioneer Engine Gauge at A Combines Pressure and Temperature Indicators. 
B — Distance Type Fuel Level Indicator. C — How Fuel Indicator is Installed. 

type 173 B 2.3 pounds. Standard ranges are 0-6 pounds per square inch for 
Fuel Pressure, 0-100 degrees C for temperature, and 0-100 pounds per 
square inch for oil pressure. Higher range oil pressure units can be sup- 
plied on special order. Temperature units are regularly furnished with 
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12^2 feet capillary tubes. Longer or shorter tubes can be supplied, how- 
ever. 

Installation of Pioneer Engine Gauge. — The Engine Gauge Unit is 
mounted in the instrument 1)oard in the same way as any other vertical scale 
instrument. Pressure elements are fitted with 7/16 inch by 20 thread male 
connections. Run the fuel and oil pressure tubes from the proper places on 
the fuel line and engine to the back of the gauge, avoiding sharp bends and 
fastening securely at short intervals to prevent vibration. Slip a union nut 
over each tube and solder connection ni])ples to the tube ends. Nuts and 
nipples are standard tul^e fittings and are not furnished with the Unit un- 
less specially ordered. Clean and oil threads on the gauge connections. 
Tighten union nut until nipple seats properly to make a tight joint. Avoid 
excessive strain on the instruinetit. 



Fig. 369. — Side View of Pioneer Engine Gauge with Covers Removed to Show Method 
of Combining Pressure and Temperature Indicating Instruments. 


The bulb on the end of the thermometer tubing is fastened in the radi- 
ator or at any (Hhcr point in the water or oil system where it is desired to 
measure the temperature. The bulb is held in j)lace by a clamp nut ^ inch 
diameter by 18 threads per inch which is screwed into a similarly tap])ed 
hole. Extreme care should be taken in handling the thermometer bulb and 
tubing. Be careful not to dent the thenn(.)metcr bulb or bend the ther- 
mometer tubing too sharply. If the tube is too long, it may be coiled with- 
out affecting the accuracy of the instrument, but the coil must he carefully 
secured to prevent vibration from loosening the joints at the bulb or at the 
instrument. 

WARNING. Do not under any consideration lann)er with the Engine 
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Gauge Unit mechanisms. They are assembled at the factory by skilled in- 
strument makers and if damaged should be returned to them for repair. 

Fuel Level Gauge. — The Pioneer fuel level gauge shown at Fig. 368 B, 
continuously and accurately indicates the amount of fuel in the tank to 
which it is connected. The importance of such a gauge can hardly be over- 
estimated. By knowing exactly how much fuel is available at all times it 
is unnecessary to carry a large excess “just to be on the safe side’' and still 
there is no change cf unexpectedly “running out of gas” with the conse- 
quent forced landing and possible crash. 



Fig. 370, — The Foxboro Distance Type Thermometer with Bulb Shown in Part 
Section and Dial Removed from Casing to Show Bourdon Tube. 


The operation of this gauge depends upon the simple principle that the 
pressure exerted by a volume of liquid is pro])ortional to its depth. A “hy- 
drostatic cell,” forming part of the guage system, is placed at the bottom of 
the tank as shown at Fig. 368 C. This cell is filled with air, and the weight 
of the liquid above it com])resses this air. A small tube runs from the cell 
to a fitting on the outside of the tank, and from the fitting a connection tube 
goes to the gauge. These tubes transmit the air pressure to the gauge, 
which is a sensitive pressure indicator and is calibrated so that this air pres- 
sure is translated into gallons of fuel or other units of weight or volume. 

This would complete the system were it not for the fact that because of 
the expansion of the air in the cell and tubing, due to changes in tempera- 
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ture and altitude, a certain small amount of air is occasionally lost. To as- 
sure the accuracy of the indication the balance of the system must be 
maintained by replacing the lost air. For this purpose a small pump is 
built into the gauge unit. Once a day, or whenever it is desired to know 
the fuel level with absolute accuracy, the knob of the pump is pulled out 
once and released. On the return stroke, the pump automatically intro- 
duces the correct amount of air to balance the system and restore accuracy 
of readings. It is not necessary to operate the pump each time the gauge 
is read, as the indication is continuously correct except for slight errors 
due to temperature and altitude. It will be evident that pressure on top 
of the fuel and within the gauge case must be identical if correct readings 
are to be obtained. Roth the tank and gauge must be vented to assure 
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Fig. 371. — Mechanism of Foxboro Distance Type Thermometer Removed from Casing 
Showing Parts and Their Relation to Each Other. 


equality of pressure. A special vent unit may be lused, but in many cases 
it is equally satisfactory to terminate the vent pi])e from tlie gauge and from 
the tank at approximately the same point. These gauges are made and 
calibrated to indicate the fuel level in tanks of any size or shape and a 
gauge for one size and shai)e of tank will not indicate correctly if installed 
with a different tank. Complete information must be given the makers 
showing size and shape of tank, material of which it is. made, capacity of 
tank, method of venting, etc., in order to permit them to supply an instru- 
ment that will indicate correctly. 

Fuel Flowmeters. — Various other forms of fuel level gauges have 'been 
devised, some operating by electrical means, others by simple float and 
leverage systems in which the indicators are mounted directly on the tank. 
There is still another form of fuel indicator, this being known as a flow- 
meter, this indicating the amount of liquid being consumed by the engine 
in terms of gallons per hour, In the R, A, F, flowmeter a vane is rptated 
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by the liquid against the retarding effect of a spring of the spiral or hair 
spring type. For every position of the vane there is a corresponding rate 
of flow for any liquid. The scale shows consumptions from 5 to 30 gallons 
per hour. The device is interposed between the fuel tank and the car- 
buretor float bowl and all fuel going to the engine must pass through it. 

Distance Type Thermometers. — Instruments used for indicating tem- 
perature of cooling water or engine lubricating oil consist of four parts if 
the reading is to be at a point remote from the source of heat. An ordinary 
form of thermometer is not suitable because the bulb and scale are integral. 
In the distance type, the bulb is placed in the water system or in the oil 
container while the indicator may be located on the instrument board. The 
parts are the bulb, coupling, capillary and indicator. The i)rinciple of op- 
eration is the same as that of a standard thermometer. A difference in 
temperature produces a change in volume and pressure of the liquid in the 
bulb. In a mercury thermometer, the mercury is increased in volume or 
expanded by rising temperature and decreased in volume or contracted by 
falling tem])erature. When the heat increases, there is no longer sufficient 
room in the bulb and the mercury must rise in the tube attached to the bulb 
because its expansion has required more space. ^ The hotter the bulb gets, 
the greater the distance the mercury column raises in the tube. By suit- 
ably calibrating the tube, the temj)crature may be read from the point on 
the scale that corres])oncls to the top of the mercury column. In the dis- 
tance type, the bulb is filled with a liquid of high vapor pressure such as 
sulphur dioxide or methyl chloride. Under varying tem])eraturc and 
the consequent variations in pressure the gauge is actuated because the 
bulb and capillary transmit the pressure to the helical tube located in the 
case, which is in effect a series of Bourdon tu1)es joined end to end. Owing 
to the great length of the tube, no multiplying devices arc necessary in some 
of the gauges. The tube is firmly mounted in the case at one end and op- 
erates the indicating pointer shaft from the other. The gauge dials may be 
marked in Centigrade or Fahrenheit degrees, Jf Centigrade is used, the mark- 
ings range from 0 to 100 degrees. Care must be taken not to cut or kink the 
capillary tube when installing these instruments, if the capillary is too long, 
it should be coiled to take iij) any excess in length. 

The interior of the casing of the Foxboro distance type thermometer 
with dial removed to show arrangement of ])arts is depicted at Fig. 370. 
The dial is calibrated in Farcnhcit degrees though any thermometer scale 
can be obtained. The enlarged view of the mechanism at Fig. 371 will 
enable the reader to understand the method of operation. 

Referring to Fig. 371 — the Bourdon Tube '‘A” is made from special 
FOXBORO bronze by a new process which insures uniformity of contour, 
elasticity, and durability; it jiositively will not "‘set*' or split; it is perma- 
nent in calibration. A Bourbon Tube of one convolution, as illustrated, or 
of several forming a helix, can be produced with greater accuracy and will 
have more resiliency than the spiral or any other form tube. To obtain 
the long deflection of the pointer, the motion of the free end of the tube, 
produced by the changes in temperature, is multiplied by a unique rack and 
pinion movement. Although similar to that used in Bourdon Tube pres- 
sure gauges, it is free from lost motion, and friction is negligible. 
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A special design of tip on the end of the Bourdon Tube forms a trough 
“C*' in which the ball end of the segment “B” is free to move. As the 
tube “A” expands it releases the ball end “D/* which is forced to follow in 
contact with trough “C,” due to the tension of the hair-spring on the 
pinion 'T’* in mesh with the segment “B.” The pointer is securely fastened 
to the tapered end of the pinion “F” by the drive-fit bushing “G/* and is 
deflected a definite amount proportionate to the movement of the free end 
of the tube "A." By obtaining the moving power for the light aluminum 
pointer from the released hair-spring there is absolutely no lost motion 
either up or down the scale. This construction is patented, and has made 
possible the long open scale and accuracy found in FOX BORO Dial- 
Type Thermometers. 

The base plate is a hard alloy die-casting with l^ronze bushings for 
the pinion “F” and the arbor “II/' which are made of nickel silver. The 
segment “B" and the top plate ‘T” are made of hard l)ron 2 e. The top plate 
“I" is secured by a large fillister head screw and two dowel pins which posi- 
tively insure alignment of the moving i)arts. The dial is fastened to the 
base plate “J” by screws in the tapped holes “K,” making an integral actu- 
ating movement which eliminates every possibility of destroying the cali- 
bration. 

The materials, dimensions, and methods used to produce these non- 
corrosive parts insure long life. The skill gained by long experience in 
instrument manufacture makes the ])roduction and use of this improved 
movement ])ossible, and gives the user of these thermometers the advan- 
tage of a long, open, easily read scale with a guaranteed accuracy of within 
less than one per cent of total scale reading throughout the entire range. 
FOXBORO Thermometers can be used continuously at the top of the scale 
without injury. 

Instruments for Supercharged Engines. — The various engine instru- 
ments described arc used normally Avith engines Avithout supercharges and 
while they are used Avith supercharged engines as Avell, several additional 
devices are required. The compressed air coming from the supercharger 
discharge port must be cooled before it goes to the carburetor- and it is 
passed through a cooling aj^paratus known as an intercooler before going 
into the carburetor air intake. In order to have the engine Avork properly, 
the temperature of the compressed air should he measured when it leaves 
the compressor and after it leaves the intercooler. Another needed indi- 
cation is the air pressure at the carburetor and the difference in pressure 
between the outlet of the gasoline pump and carburetor should be known. 

The temperature of the air Avhen it leaves a turbo-compressor type of 
supercharger is high and is best measured with an electric thermo-couple 
thermometer with a voltmeter indicator calibrated in degrees. Any type of 
thermometer can be used to measure the degree of heat of the air leaving 
the cooler. To measure the absolute pressure of the air at the carburetor, 
a standard aneroid barometer is enclosed in an airtight casing, joined to the 
carburetor air intake. To measure the differential pressure, a tube from 
the gasoline pump is joined to a i)rcssure gauge Avorking on the Bourdon 
tube principle, this also being enclosed in an airtight case, the pressure of 
the air surrounding this gauge being the same as that of the carburetor 
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entering air. These pressure gauges and thermometers are made up in 
pairs and in latest types of instruments, the cases are provided with vertical 
dials. This makes it easy for the pilot to make the necessary comparative 
readings. The instruments do not differ in principle from similar tempera- 
ture and pressure indicators employed with normal engines. 

Tachometers. — These instruments are very useful for the reason that 
they give a continuous index to the condition of the motor and the power 
produced by apprising the pilot of the number of engine revolutions. They 
also are useful in normal flying by showing climb or dive because the em 
gine will tend to slow down on a climb and accelerate on a dive or glide 
with a fixed throttle setting because it is working against gravity when 
climbing and is helped by gravity when the plane is gliding or diving. Any 
derangement in the engine mechanism or in the carI)uretion and ignition 
systems will be shown by a reduction in engine speed. Tachometers are of 
use in performance tests, not only in assisting the pilot to maintain the 
same speed in level flight, and otherwise control the machine, but also in 
checking the airspeed calilDration, in judging the performance of the engine 
and in judging propeller performances. 

For use in an air])lane the tachometer must be light, small, rugged and 
entirely self contained. It has most difficult conditions to meet, such as 
violent accelerations in various directions, shocks, high and very low tem- 
peratures, and changes in air-density. For this reason certain types of 
automobile speedometers are quite unsatisfactory for use in the air. In 
ordinary flying, consistency is more important than accuracy, since the 
tachometer is then used as a danger signal, but in performance tests, ac- 
curacy is absolutely essential to the determination of results which will 
make possible comjiarisons of value. 

The following classification is due to Dr. Wash1)urn of Ihe Bureau of 
Standards. 

(1) Chrononicfric tachometers, — In this type, the distance through which 
a toothed rack moves, or the angle through which a gear rotates while held 
in mesh with a rotary pinion for a fixed interval of time, is proportional to 
the average speed of revolution of the pinion during the interval. 

(2) Centrifugal tachometers . — These operate on tlic same general prin- 
ciple as the governors used on steam engines. Two weights mounted op- 
posite one another or inclined at opposite angles on a vertical shaft, tend to 
fly apart or to revolve in line with one another as the shaft revolves. The 
position of the weights is roughly proportional to the speed of the shaft. 
A typical centrifugal instrument, Johns-Manville, is shown at Fig. 372. 

(3) Air drag or viscosity tachometers . — Where two surfaces separated by 
a very narrow air space are in relative motion, they exert on each other in 
virtue of air friction or viscosity, a force which under certain conditions is 
proportional to the rate of motion. This type of tachometer is not used to 
any great extent in airplanes. 

(4) Air leak tachometers. — The pressure generated by an air pump driv- 
ing air through a leak orifice of properly regulated size is proportional to 
the speed of revolution of the pump. 

(5) Magnetic drag tachometers. — When a i)ermanent magnet is revolved 
near to a fixed electrically conducting drum or disc, the turning force 
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exerted on the drum, in virtue of the electric current induced in it is pro- 
portional, within certain limits, to the rate of revolution of the magnet. 

(6) Electric tachometers , — These depend on the fact that the electro- 
motive force or voltage of a well constructed magneto is nearly propor- 
tional to the speed of rotation of the armature. They consist of a magneto 
in electrical connection with a voltmeter calibrated in r.p.m. instead of 
units of electromotive force. • 

The forms in common use are of two types, chronometric or centrifugal 
and in testing work either type is used. The latter is so simple in operation 
that its principle of action can be understood by any one who has ever seen 
a steam engine governor in action. As the speed increases, the governor 
weights swing out, pulling up a flat collar on the shaft that in turn pushes 
up a shoe that actuates a pointer through rack and pinion. The weights 
work against the retarding effect of a spring and when the speed and the 
centrifugal forces diminishes, the Aveights tend to come together again. 
Such a device is not affected by magnetism or temperature to any appreci- 



Fig. 372. — The Johns-Manville Tachometer, a Typical Centrifugal Type. Casing 
Shown with Dial Removed to Depict Flyweight Governor Design. 


able extent. A centrifugal tachometer shows variations in speed from in- 
stant to instant, all fluctuations being indicated by the pointer as they 
occur. 

Chronometric Tachometers. — Every chronometric tachometer contains 
the following essential elements : 

(1) A fine toothed pinion or gear, called the ‘'drive pinion,*’ connected 
to the main shaft and rotating at a speed proportional to that of the 
engine. 
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(2) A fine toothed rack travelling on another guide or a fine toothed gear 
called the ‘‘counter.” 

(3) An escapement mechanism similar to those used in clocks and 
watches from which this form of speed indicator derives its name 
“chronometric.” Devices of this class can be recognized by the 
ticking of the escapement. 

The drive pinion is thrown in mesh with the counter in some types 
while in others, the counter is meshed with the pinion in others. This en- 
gagement is maintained for a definite period of time, such as one second. 
This is done by the escapement independently of the s])eed at which the 
drive shaft is turning. The distance through which the counter or toothed 
rack is moved, or the angle through wdiich the gear is rotated while in 
mesh with the drive pinion is projxntional to the sj^eed of the engine. In 



Fig. 373. — The Tel Chronometric Tachometer Showing Mechanism and Dial. 


order to liave tlie inslnmient indicate, it remains only to transform the mo- 
tion of the counter into a proportionate angular ia)tation of the i)ointer on 
the dial. 

Tachometers of the chronometric type such as shown at Fig. 373 indi- 
cate variations of speed only at the end of a counting ])eriod, therefore, they 
give a discontinuous reading. If the s])eed is varying appreciably, even 
though acceleration be gradual the pointer jumps suddenly from one speed 
indication to the other. 

This is an objectionable feature in adjusting the speed of the motor to 
any prescribed value, for after the throttle has been adjusted, it is necessary 
to wait a fraction of a counting ])eriod, or a whole counting period, in order 
to sec whether or not the adjustment has been made correctly. 

Another common feature of all chronometric tachometers is the method 
of driving the escapment automatically from the power of the engine to 
avoid the necessity of winding. 
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This is accomplished by means of an ordinary spiral clock or watch 
spring, which is coiled up tightly inside of a flat barrel and which exerts an 
outward pressure on the side of the barrel. This spring will be referred 
to as the drive spring. Its inner end is fastened to a spindle co-axial with 
the barrel but passing freely through the same, and geared to the main 
drive shaft of the instrument. This end of the spring is therefore revolving 
whenever the instrument is in operation. The outer end of the spring, 
however, is quite free. When the instrument is started the inner end of 
the spring begins to revolve and is carried back by the spring to its general 
or starting position, ready to begin counting again. 

The motion of the counter depends, obviously, only on the average 
speed of revolution during the counting period and does not indicate the 
way in which th^ speed varies from instant t() instant. For example, an 
increase in speed during the earlier part of the period might be compensated 
for easily by a decrease in speed during the latter part of the period, so that 
if the scale is uniform the reading of the instrument is proportional to the 
speed. 
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Fig. 374. — Standard Tachometer Drive Shaft and Connections. 


Other minor, but necessary ojierations, enter in. After the counter has 
finished counting, that is, at the end oi the meshing period, it is locked or 
held and while it is held the indicating train, including the pointer, is re- 
leased and brought by means of a si)ring into the position of the counter 
and locked immediately afterwards in that position. Finally, after this 
has occurred, the counter is released and the spring winds up, partly around 
the spindle. A constantly increasing turning force is therefore exerted on 
the barrel. Finally, however, the other (free) end of the spring begins to 
slip around inside the barrel. The turning force exerted on the barrel be- 
comes approximately constant and remains so as long as the instrument 
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is in operation. The barrel is toothed on the outside and is connected 
through a train of gears to the escapement wheel. 

Tachometer Drives. — The tachometer is driven from the engine, most 
conveniently, by a flexible shaft, as shown in Fig. 374. This, in its simplest 
form, consists of a very flexible twisted wire enclosed for protection in a 
casing formed by a braid covered helical spring. This wire is made of a 
straight core and successive layers of wire are wound around it, alternately 
left and right. The casing should be oil and moisture proof, light, yet not 
liable to deterioration by heat and oil. The exact construction of shaft and 
casing vary, but the outside diameter is about inch. 



mmsm 



Fig. 375. — Pioneer Air Speed Indicators with Round and Vertical Dials at A and B. 
The Pitot-Static Tube Used to Operate the Indicators is Shown at C. 


The end connections are standard. The engine end is small and cylin- 
drical with a single integral key. This end must be long enough to allow 
about one inch play for each 6 feet length of shaft. The tachometer end is 
fixed into a socket with a 3/16 inch square hole. (S. A. E. Standard.) This 
socket fits over the spindle of the tachometer. The casing has, on either 
end, a fitting similar to a female hose coupling which is screwed over fixed 
male ends on the engine and tachometer, thus making the entire shaft oil 
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tight. The engine must be built with a special tachometer drive shaft 
which must be drilled and slotted to fit the end of the flexible shaft. The 
slotted portion must be long enough to allow the required amount of end 
play. Standard practice is that the tachometer drive shaft shall run at 
half-crankshaft speed. An error in the instrument of 25 r.p.m. at a speed 
of 1,500 r.p.m. is considered a large error and instruments should be cali- 
brated from time to time to make sure they are accurate. 



Fig. 376. — Section of British R. A. F. Mark IV Air Speed Indicator Gauge. 


Air Speed Indicator — An air speed indicator is a sensitive pressure 
gauge, wliicli is adapted to indicate in terms of air speed (at sea level) by 
the use of a i^itcjt-static head which accurately resolves the air speed into 
its equivalent pressure. The pitot-static tube consists of two tubes, one of 
which has an open-end and receives the full impact of the moving air. The 
other tube is closed at its end and has small holes or slots some distance 
back from the end. These transmit to the interior of the tube the static 
j)ressure which may be greater or less in value than the pressure in the 
cockjn't where the indicating instrument is located. Some pitot tubes are 
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Fig. 377. — Showing Method of Using Rubber Tube to Connect Aluminum Tubing to 
Venturi or Pitot-Static Heads and Air Spewed Meter. 


made with the tubes concentric as shown at Fig. 378 so they appear to the 
eye as one tube, 1:)ut in all cases, two separate conductors are neceslsary. 
The pitot-static tube is installed on the conventional biplane about two- 
fifths of the distance from the top plane on an outside interplane strut that 
is clear of the propeller slipstream. On externally braced monoplanes, a 
suitable place can be found on a bracing strut. When installed on an in- 
ternally braced monoplane, it is generally necessary to extend, the pitot 
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tube mounting from two to four feet ahead of the wing or from 18 to 24 
inches below it to reach a position of undisturbed air. 

Pioneer Air S])eed Indicators arc made in two styles of case and in all 
ranges from 0-80 to 0-350 miles per hour. The use of a reliable Air Speed 
Indicator is urge<l l)y every pilot of wide experience. It gives a plane a 
safety factor which cannot be obtained by any structural feature. Every 
ship has a certain safe flying range of speed, the lower extreme approach- 
ing the stalling point, and the In'gher extreme nearing the condition of a 
dangerously steep dive. The air si)eed, for a given engine si)ecd, is there- 
fore an index of the fore-and-aft angle of the airplane. Its use greatly 
facilitates the maintenance (»f the correct longitudinal attitude, ])articularly 
under conditions of ])o()r visibility. 



Fig. 378. — Diagram Showing how Concentric Type Pitot-Static Head is Built. 

The instrument illustrated at Eig. 375 A is of the well-hnown round 
dial type, while that at F is the vertical scale tyi)e which is ra])idly coining 
into favor. Vertical scale iiistrninents ])erniit iiinch more compact grou])- 
ing with consefiuenl saving ()f instrument board space. I'his ty])e of in- 
dicator is t)atented, and both the indicators and the ])itot-static tube are 
covered by pending jiatent applications. The weight of the round ty])e 
indicator is 0.7 ])ound, and that of the vertical type 1.2 ])ounds. The Pitot- 
Static Tube shown at Eig. 375 C weighs 0.4 pound, and connecting tubing 
0.06 t)ound i)er foot. It has been the common ])ractice to use short pieces 
of rubber tubing for joining the connecting tubes to the Pitot and to the 
Indicator. While this is satisfactory if the rubber tube is replaced regularly 
as it deteriorates, it is recommended that soldered metal-to-metal fittings be 
used. Without extra charge both the Indicator and the Pitot Tube are 
equipped with this type fitting, and two special T’s are supplied which may 
be used both for an intermediate tube connection (as for example at junc- 
ture of wing and fuselage) and as drains. In ordering Air Speed Indicators 
it should be specified if they are to be equii)pcd for rubber or metal connec- 
tions. 

The indicators or gauges of most air speed indicators operate on prac- 
tically the same principle. The .sectional view at Eig. 376 shows the 
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R. A. F* IV A, a British type. The whole gauge is made airtight by rubber 
gaskets. Inside are two diaphragms A and B made of thin, very flexible 
metal. The top of B and the l)oUom of A are fixed to the case. The mov- 
able ends push through small rods to the cross arm C on the spindle D. At 
the end of this spindle is an arm E that engages a quadrant suitably geared 
to a pointer, the motion of which is opposed l)y a light air spring. The 
dynamic pressure is led to the inside of the diaphragms, the static pressure 
merely to the inside of the case. The diaphragms tend t(^ ex])and and the 
guage is independent of gravity or centrifugal force and entirely free of 
pressure in the cockpit. 



Fig, 379. — Diagram Shewing Antenna or Venturi Type Meter for Air Speed and the 
Supporting Arm at A. Method of Installation in Biplane at B. 

The Vcnturi-lhtot tube is connected with the air speed indicator by 
flcxil)le aluminum tubing. In using the aluminum tubing sharp bends and 
kinks must 1)C avoided. It is*al)solutely necessary that the connections at 
all joints be airtight. For this reason the following method is recom- 
mended for making connections between the aluminum tiihing and the out- 
lets of the \^entnri, or the iiij)ples of the indicators, or between sections of 
the tubing. (See Ing. 377.) 

(1) Slip a 4 inch length of standard rubber tubing, hich bore over 
the 2 inch length of the 5/16 inch diameter aluminum sheath, so that the 
ends of the rubber tube extend 1 inch beyond the exlrcmeties of the sheath. 

(2) Butt the ends of the* aluminum tube and the connection, and slide 
the sheath in the rubber tube over the joint so that the joint comes at the 
middle of the sheath. 

(3) Bind tlic two ends of rubber tubing with wire. First tie the wore 
near the slicatli wu’th a simple knot, leaving one short end free, which is 
pressed down along the tube and bound under. The wure is wrapped 
around the tube and when the wrapping is finished the two ends of the 
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" wire are twisted together and cut otf, leaving a ^ inch stub to prevent slip- 
ping. In binding the rubber care should be taken not to cut it. . 

Recording Air Speed Meter — In testing, it is often desirable to show the 
air speed in the form of a record that will be made independently of the 
pilot and that can be preserved for future reference and comparison. The 
Toussaint-Lepere instrument, sliovvn at Fig. 380 is a typical device of this 
character. In the Toussaint-Le])ere air speed meter the dynamic pressure 
of the wind is measured by a combination of Pilot tul)e and Venturi meter. 
This pressure is transmitted to a clock work recording device by a gauge 
consisting of bellows and a tension spring. 

The Pitot tube and Venturi meter are comlnncd in a small casting con- 
veniently called by the French antenna and similar to that of many other 
speed indicators. This antenna is shown in Fig. 379 A. The Venturi is 
carefully proportioned to give the maximum possilde suction with a given 
air speed. The antenna is su])ported by a long, slender, hollow arm of 



Fig. 380. — Recording Apparatus of the Toussaint-Lepere Air Speed Meter. 

light wood which contains the tubes transmitting the ])ressurc to the re- 
cording device as shown in ¥\g. 379 B. It is fastened to this arm by a light, 
adjustable clip, in order that the antenna may be turned directly into the 
Avind, 

The recording device is shown diagrammatically in Fig. 380. It has the 
ordinary clockwork drum and pen. These are described elsewhere. The 
gauge consists of two movable circular plates S, and S^, rigidly connected 
by a rod ab. The plates form the tops of the bellows fj and f^. The sides 
of these bellows are made of thin rubber that is very flexible, the bottoms 
are formed by the fixed plates m and n. The suction from the Venturi is 
led to the airtight chamber c-c, and so acts on top of the plate Si. The 
pressure from the Pitot is led to the under side of the plate S 2 . The top of 
S 2 and the bottom of Si are open to the air inside of the box. Thus a vari- 
ation of that pressure causes no motion of the rod ab which is moved only 
by the difference of the pressure transmitted from the antenna. 

The rod ab is constrained to move vertically by the form bar linkage 
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a-d-c-b. The link be carries on one end the marking pen g; on the other 
a counterweight for the movable parts of the instrument. At the end of 
this link is fastened the spring R, whose tension balances the pressure of 
the pen. This spring is so placed that the displacement of the pen is nearly 
proportional to the wind speed. The recording apparatus is enclosed in a 
box 9 inches by 6 inches by 5 inches, total weight about 4j4 pounds. The 
apparatus slides out of this box to facilitate adjustment of paper on the 
drum. 



Fig. 381. — Pioneer Air Distance Meter at A. B — Combined Air Distance and Air 
Speed Meters. C — Operating Head for Air Distance Meter. 


The complete s])ccd indicator must be calibrated and a chart or table 
made for converting tbe readings on this drum into true wind speeds. This 
chart of course is only correct for readings in air of standard density. The 
recording apparatus is susj)cnded in the air])lane by elastic cords or may 
l)e held by the passenger in a two-seater. The antenna must not be placed 
near any obstructions or disturbance including the slipstream, body, etc. 
The supporting arm is fastened to any cf)nvenient part of the airj)lane such 
as a strut by tape or a filling. The antenna is then adjusted to point di- 
rectly into the wind. With this instrument as with all air sj)ecd meters, a 
test run in flight must be made over a measured course to determine the 
effect of interference of the plane upon the airflow to the antenna, and to 
find the correction due to this interference. 

Approximate Air Speed Correction at Heights. — A very useful table 
furnished by the Technical ]^e])artment, British Aircraft l^roduction, allows 
air si)eed corrections at heights to be made with fair accuracy, on the as- 
sumption of certain standard conditions. Its use is not recommended for 
the computation of performance results, but may be very handy as a check. 
The table employs mean value of the density at various altimeter heights. 
Ground temperature of 16 degrees C. and pressure of 760 mm. are assumed, 
and a lapse rate of 1.75 degrees C. per 1,000 feet ascent. 
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Air Speed Indicator Troubles. — It is stated that many air* speed gauges 
are damaged by being blown into or sucked upon under the mistaken no- 
tion that it is necessary to exert full lung pressure in testing the gauge. 
The pressure or suction necessary to secure a speed indication of 120 miles 
per hour is only six inches of water preSvSure. An ordinary person can exert 
a lung pressure of eighty inches of Avater and can suck a1)ont twice as 
much, ^riiirty inches of pressure applied to tlic pitot connection or the 
same suction applied to the static connection will damage an air speed 
indicator so it is rendered unfit for use. The following notes on the mainte- 
nance of air speed indicators were published by the Pioneer Instrument 
Company of Brooklyn, N. Y. in '‘Aviation” and should be of considerable 
practical value for all airjdane oj^erators or mechanics. 

Troubles with air sj)eed indicators become a])parent in three different 
ways. First, failure of the hand to return to zero. Second, incorrect speed 
indication — usually too low. 'Phird, sluggish movement of the hand and 
failure to res])ond quickly to changes in speed. The source of the trouble, 
in any particular case, may lie in the indicator or may be due to leaks or 
stopi)ages in the connecting tubes. 
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Regardless of the difficulty, the first step in locating the source of 
trouble is to disconnect the tube lines from the indicator. If the trouble 
was failure of the hand to return to zero, note if the hand comes back when 
the connections are removed and the instrument tapped gently. If the hand 
conies to zero, the trouble is in the lines. If the hand does not come to 
zero, the trouble is in the indicator, which should be removed from the 
board. One of two things may be wrong. Water may have found its way 
into the diaphragm, or the diaphragm may have been subjected to excess 
pressure. Manipulate the indicator so as to let any water run out, if 
trapped inside. If none appears, and the hand continues to remain off zero, 
send the instrument to the factory for repairs. If the instrument is of the 
])roper range for the airplane ui)oii which it was mounted, it cannot have 
been damaged by excess pressure im])osed in flight. The usual cause of 
such damage is to be found in the use of the indicator as a ^‘lung-tester” by 
a mechanic or receiving clerk. If the hand returned to zero upon discon- 
nection of tlic lines, the instrument was O.K., and the trouldc is due to 
water in the lines, which should be drained out. Iticorrect readings may 
be due to poor calibration or to mechanical defects in the indicator, but 
such troul)les are so rare they can be dismissed pending the investigation of 
every other possible source of difficulty. 

Low readings arc usually due to leaks, and sluggishness to stoppages in 
the lines. Tests for both are easily made. First, since the instrument is 
now disconnected, try the indicator itself for leaks, stoppage or friction. 
Attach a length of rubber tube to the static (S) connection. While care- 
fully watching the hand of the air speed indicator, suck very gently on the 
end of the rubber tubing until the hand reaches about one-half of the full 
range, then close the tube by ])inching or l)y jmtting your tongue over the 
end. 'The hand should stand sldl or return toward zero very slowly. It 
should not travel over 10 miles in the vScale in a shorter time than 30 sec- 
onds. If the hand moves faster than this, there is a leak in the case and the 
instrument should be returned to the factory for rc])airs. If the movement 
of the hand is within this limit its approximate rate should be noted. 

Now open the rubber tube, and note if the hand dro])s back quickly to 
zero. If it does not, there is a sto]»])age or excess friction in the indicator 
and it should be returned to the factory for repair. Assuming that the in- 
dicator showed no leak in excess of the limit, and that the hand dro])ped 
back to zero as it should, proceed to test the tube lines for leaks and stop- 
pciges. 

Connect the ])ilot line to the static side ol the indicator (where the rub- 
ber tube has been during the ])rcvious test). Sli]) the rubber tube over the 
end of the ])itot tube of the i)itot-static tube. Have someone watch the 
dial of the indicator. Suck gently on the ru’hbcr tul;e, having the observer 
stop you when half scale is reached. Close off the rubber tube, and have 
observer note if the indicator hand moves toward zero any faster than when 
the instrument alone was tested. If so, a leak is indicated. Leaks are al- 
most always at joints, although sjdit tubes are occasionally found. Ry 
breaking into the line at each joint and retesting, the leak may be located 
by a process of elimination. 

After the line has been made tight it ni^iy be tested for stoppages. Suck 
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on the rubber tube as in testing for leaks, until the hand reaches half-scale 
indication. Open the tube and note if the hand drops back to zero quickly. 
If not, a stoppage is indicated. This may be located by breaking into the 
line and retesting. The same process of testing for leaks and stoppage may 
be applied to the static line, but as it is impossible to make a direct connec- 
tion to the static tube of the pitot-static tube, it is necessary to disconnect 
the line, and to attach the rubber tube directly to the disconnection tube. 

Once an air speed indicator installation is properly made, particularly 
if soldered metal connections are used, it should last for the life of the air- 
plane without any attention beyond the occasional draining of water. If 
trouble does develop, its source may be quickly located if these directions 
are carefully followed. 

Air Distance Recorder and Speedometer. — Pioneer Air Distance Re- 
corders are now made both for pneumatic and for electric operation. With 
the electric type is incorporated an indicator of Absolute Air Speed, the 
combination being known as a Speedometer. The air distance recorder is 
shown at Fig. 381 A, the electrically operated type is shown at Fig. 381 B. 
The transmitter for the air distance recorder is shown at Fig. 381 C. 

Air Distance is the 3 "ard-stick by which the performance of aircraft is 
measured. If it is known accurately it is ])ossil)le to express every essen- 
tial characteristic of a ship in terms which have a substantial and dei)end- 
able basis. In order to have a record of the ])erformance of his ship, every 
thorough pilot keci)s a "'log'": noting the time of take-off and landing of 
every flight, figuring the elapsed time, and totaling, day by day, the flying 
time. To arrive at the distance he has flown, the best he can do is to multi- 
ply his hours by the csliniated average air wS])eed — giving a result which is 
in most cases so far from correct that reliable ])erformance figures cannot 
be based upon it. And to maintain this record either the pilot or his me- 
chanic has to do a large amount of disagreeable clerical work. 

All of this “bookkeeidng” and inaccurac\" is eliminated by the use of 
an Air Distance Recorder or Speedometer. If a trij) or daily record is 
wanted, this may be noted from the ‘'tri])” indicator which is then set back 
to zero. The “season” mileage gives a continuous record of the operation 
of the ship. This provides a real basis for all calculations and records: 
fuel and oil consumi)tion, actual air speed, service between overhauls, costs 
per passenger or per ton-mile, relative financial return from difTerent ships 
per mile flown, etc. These instruments are also valuable for pilots flying 
over unfamiliar country, or in weather Avhich more or less obscures their 
landmarks. By making allowance for the wind, which can be done with 
a simple ground observation, it is ])ossiblc to bring a ship down pretty 
close to a desired field, even under most unfavorable conditions. On such 
a flight a reliable compass is, of course, necessaiy, and proper allowance 
must be made for drift. 

Both the Air Distance Recorder and the Speedometer are thoroughly 
reliable and practically “fool-])roof” instruments. The Indicator of the 
pneumatic type is shown at Fig. 381 A, its Transmitter is illustrated at C. 
In this tyi)e a small propeller revolves as the ])lane goes forward, once a 
mile actuating a valve which admits vacuum, created l)y a small but power- 
ful Venturi tube, to an indicator on the instrument board, adding one mile 
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to the recorded distance. The combined weight of the transmitter and 
indicator is less than two pounds, and the head-resistance of the trans- 
mitter is practically negligible owing to its streamline shape. 

Installation Instructions. — Mounting of Transmitter. The Transmitter 
is mounted on a forward wing strut, far enough from the propeller slip- 
stream to assure its location in undisturbed air. The best position is from 
one-third to one-half way down from the top plane. If the shape of the 
strut clamp docs not conform to the strut it may be bent to suit. 

In ordering, the angle between the strut and the horizontal, in normal 
flight, should be specified, and the transmitter mounting is then properly 
adjusted at the factory. The transmitter body should be exactly in line 
with the normal airflow, and if it does not lie in this position the mounting 
tube may be bent slightly, or the bracket may be blocked out from the strut. 

Mounting of Recorder. Cut a hole in the instrument board to take the 
recorder case. Screw in ])lace with mounting screws furnished. 

Connection. Between the transmitter and the recorder run a length of 
3/16 inch diameter metal tube. Make connections at each end with soft 
rubber tube. Give rubber connections a coat of shellac to prevent corrosion 
by oil. 

Care. Oil transmitter with about 10 drops of “Gun Oil,^’ “Nyoil” or 
‘‘Nujor’ every 500 miles. 

Resetting of Trij) Mileage. Turn knob forward until the two righthand 
figures are the same, as for instance, — 44” or “ — 77.” Then pull knob out 
(about 1/32 inch) and tlie rings carrying the two right hand figures may 
be turned forward together until 000 is reached. The knol) should be 
pushed in again only when 000 is directly in the center of the opening. If 
they are carried past the center, turn the knob forward until they all come 
around again. Never try to turn knob backward, or try to force it. 

Aneroid Altmeters. — Instruments used to indicate height above sea level 
are barometers operating by sim])le physical laws. An aneroid barometer 
contains one or more nicklc silver drums from which the air has been ex- 
hausted, a spring serving to hold the opposite faces of each drum apart. 
The faces separate as the air pressure decreases and come together as it 
becomes greater. The movement of the spring is transmitted to the index 
by a system of levers and a chain passing over a small wheel. In the ordi- 
nary instrument the movement of the index is ])roportioned to the change of 
pressure and if such an instrument is provided with a height scale the in- 
tervals for successive thousands of feet are not equal. In an altimeter, the 
mechanism is devised in such a way that the scale indications are uniformly 
spaced, which result is obtained by a compensating device in the linkage. 

The position of the index depends only on the pressure so that if the 
scale were fixed and the altimeter was kept at ground level, the change in 
atmospheric pressure from day to day would be shown as a change in 
height. An aneroid barometer can be used in two ways. It may be em- 
ployed as an altimeter for ordinary flying where great accuracy in measur- 
ing height is not essential and it may be used as a pressure instrument for 
accurate testing. When used as an altimeter, an adjustable scale is em- 
ployed and the pilot sets it at zero at the beginning of a flight. Under such 
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conditions, the heights are distances above the ground at the point where 
the altimeter is set and not distances above sea level. 

Altimeters do not give absolutely dependable indications at all times as 
lag or hysterisis or lack of compensation for changes in the temperature of 
the instrument will introduce errors. After being used at low pressure or 
at heights for some time it will indicate less than the correct pressure or 
more than the correct height and gradually recover. The extent of hysteri- 
sis depends on the (juality of the metal used for the aneroid box. An alti- 
meter may be regarded as fairly satisfactory if after an ascent and descent 
of 20,000 feet at the rale of 1,000 feet per minute the error on account of 
lag does not exceed 150 feet. The existence of this source of error must be 
))orne in mind wlien the behavior of the altimeter is under discussion. The 
same reading on the ascent and on the descent has different corrections; in 
general the altimeter reading is too low during the ascent, and too high 
during the descent. With the improvement of the steel aneroid boxes this 



Fig. 382 . — Diagram of Working Mechanism of an Aneroid Altimeter, 


defect may be eventually eliminated. The vibration on an airplane may 
make the ])ointer of an altimeter unsteady. The mechanism is usually bal- 
anced by the use of a pair of boxes carefully selected to work together. An 
altimeter may be tested for lack of balance by reading it face up or down. 

A device to compensate for its own tcm])eraturc is generally used in a 
modern instrument. Its readings arc not a])preciably affected by changes 
in its own tem])erature, and as long as the pressure remains constant the 
index will not move. This com])cnsation for the loss of elasticity of the 
aneroid when heated is effected cither by leaving a little air in the exhausted 
box or by introducing a bi-metallic ann in the magnifying mechanism. 

But the most serious error in the aneroid barometer in estimating height 
is that the difference in pressure between any two levels depends on the 
temperature of the intervening layer of air. The scale of the altimeter may 
be graduated for some definite tenii)erature, sipiposcd to be the same at all 
heights, or for some definite surface temperature, and a given rate of de- 
crease of temperature, with increase of height. It is the usual practice to 
adopt the uniform temperature 50 degrees fahrenheit in all commercial in- 
struments. 

Principles of Aneroid Altimeter. — Fig. 382 is a diagram of the interior 
of an aneroid altimeter. The aneroid box (1) is an airtight chamber from 
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which the air has been exhausted. The top and bottom diaphragms are 
circular in shape and corrugated, and are made of nickle silver. As the 
exterior pressure is decreased the diaphragms arc drawn apart by the steel 
spring (2), as the atmospheric pressure increases the diaphragms are 
pressed together against the action of the spring. In order to describe the 
operation of the mechanism suppose the airplane to be climbing. The pres- 
sure of the atmosphere is decreasing and the diaphragms are drawn apart, the 
main spring (2) relaxes, the edge to which the arm (3) is attached rises lifting 
the arm with it. This motion is communicated to the spindle (4) through a 
link rod. To this s])indle is fastened a small arm attached to one end of a 
chain (5). The other end of the chain is fastened to the drum (6). As 
the arm (3) is raised the spindle is revolved and the chain arm is carried 
anti-clockwise through a small arc. This ])crmits the chain to be wound in 
the drum by a fine hair spring under the drum. The drum is fastened to 



Fig. 383.^ — Standard Type of Aneroid Barometer with Cover Removed. 

the needle (7) spindle, and as the drum revolves the needle point moves 
round on the dial, indicating the altitude, corresponding to the atmospheric 
pressure. Ordinarily the scale of altitude would not be graduated in efjual 
intervals for successive thousands of feet, but in altimeters the mechanism 
is so arranged that the divisions are equal. 

Fig. 383 is an illustration of a standard aneroid barometer with cover 
removed. The mechanism is practically the same as that in the aneroid 
altimeter used in airplanes. M is a coirugated ex])ansion chamber from 
which the air has been exhausted. This expands or contracts with changes 
in atmospheric i)rcssure, and is regulated by the leaf spring S. The latter 
is mounted on pivots A and fitted with a compensator B to equalize to some 
extent the expansion of the upper and lower sections of the spring S. The 
lever L is connected to the opposite end of the leaf spring S. As the ex- 
pansion chamber M expands or contracts its motion is transmitted to the 
spring S and through the latter to the lever L. This is connected by a sys- 
tem of small levers R and a very fine chain to the drum C on the spindle of 
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the indicating pointer or needle G. An enclosed hair spring, shown at H 
in Fig. 383, tends to turn the pointer G in the opposite direction to the chain 
attached to the drum C, and thus keeps the chain under a very light tension 
at all times. A suitable dial (not shown in the illustration) is mounted un- 
der the needle G. This dial may be marked in several ways, to indicate 
atmospheric pressure, altitude, or to predict weather changes, etc. Trouble 
sometimes is experienced with the fine connecting chain, which may kink 
or break where it winds on the drum C. 

Calibration of Aneroid Altimeters. — The altimeter to be calibrated is 
placed in a metal pan which has a heavy glass covering, resting on a rubber 
gasket. The pan is connected to a mercury ccduinn gauge l)y an airtight 



Fig. 384. — Widely Used Type of Recording Aneroid Altimeter Known as the 

Barograph. 

connection. The pressure is decreased by regular intervals at a tempera- 
ture of 10 degrees C., and simultaneous readings of the mercury gauge are 
taken. This is continued until the greatest height of the instrument has 
been reached. Then the j)ressurc is increased in the same way until ground 
pressure is reached. The variation from the correct indication due to drag 
is limited by the Army Air Service specifications. The height correspond- 
ing to the observed height of the column of mercury is computed from the 

Po 

formula H = 62,900 log,f, based on a temperature of 10 degrees C. ; 

P 

a curve of this is given in Fig. 385. 

To determine whether the instrument is affected by temperature the 
above lest is repeated at temperature of — 10 degrees C. and +40 degrees C. 
The errors must be within certain limits also in accordance with specifica- 
tions. The Bureau of Standards carries out a great number of these cali- 
brations. 
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Barographs, — ^The barograph is merely a recording altimeter. The principle 
of operation is the same. Instead of having the movement of the aneroid box 
transferred to a pointer which indicates the altitude on a graduated dial, in the 
barograph the movement of the aneroid box actuates a pen which marks 
the altitude on a chart wound around a drum. The drum is revolved by 
clockwork inside and the pen draws an actual curve of altitude against time 
on the chart. The mechanism is clearly shown at Fig. 384. 

The instrument is very delicate and must be suspended in the cockpit 
of the airplane by elastic cords in order to take up any sudden shocks due 
to landing or starting. 



// € a /¥ /s 4S /r /!9 /$ io £/ ee £3 S4 £f ie er ea £9 M 

fff /ffcAw* 

Fig. 385. — Chart Showing Relation between Altitude and Pressure at 50 Degrees 
Fahrenheit or 10 Degrees Centigrade. 
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the indicating pointer or needle G. An enclosed hair spring, shown at H 
in Fig. 383, tends to turn the pointer G in the opposite direction to the chain 
attached to the drum C, and thus keeps the chain under a very light tension 
at all times. A suitable dial (not shown in the illustration) is mounted un- 
der the needle G. This dial may be marked in several ways, to indicate 
atmospheric pressure, altitude, or to predict weather changes, etc. Trouble 
sometimes is experienced with the fine connecting chain, which may kink 
or break where it winds on the drum C. 

Calibration of Aneroid Altimeters. — The altimeter to be calibrated is 
placed in a metal pan which has a heavy gbvss covering, resting on a rubber 
gasket. The pan is connected to a mercury ccduinn gauge by an airtight 



Fig. 384. — Widely Used Type of Recording Aneroid Altimeter Known as the 

Barograph. 

connection. The pressure is decreased by regular intervals at a tempera- 
ture of 10 degrees C., and simultaneous readings of the mercury gauge are 
taken. This is continued until the greatest height of the instrument has 
been reached. Then the ])ressure is increased in the same way until ground 
pressure is reached. The variation from the correct indication due to drag 
is limited by the Army Air Service specifications. The height correspond- 
ing to the ol)scrvcd height of the column of mercury is computed from the 

To 

formula H 62,900 log,,, based on a temperature of 10 degrees C. ; 

P 

a curve of this is given in Fig. 385. 

To determine whether the instrument is affected by temperature the 
above test is repeated at temperature of — 10 degrees C. and -|-40 degrees C. 
The errors must be within certain limits also in accordance with specifica- 
tions. The Bureau of Standards carries out a great number of these cali- 
brations. 
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Barographs, — ^The barograph is merely a recording altimeter. The principle 
of operation is the same. Instead of having the movement of the aneroid box 
transferred to a pointer which indicates the altitude on a graduated dial, in the 
barograph the movement of the aneroid box actuates a pen which marks 
the altitude on a chart wound around a drum. The drum is revolved by 
clockwork inside and the pen draws an actual curve of altitude against time 
on the chart. The mechanism is clearly shown at Fig. 384. 

The instrument is very delicate and must l)e suspended in the cockpit 
of the airplane by elastic cords in order to take up any sudden shocks due 
to landing or starting. 
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Fig. 385. — Chart Showing Relation between Altitude and Pressure at 50 Degrees 
Fahrenheit or 10 Degrees Centigrade. 
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Alignment Chart for Altitudes. — An alignment chart is given at Fig. 

386 for altitude based on the formula II == 62.900 logio at an isothermal 

P 

temperature of 10 degrees C. or 50 degrees F. and the temperature correc- 
273 + T 

tion of . 

283 

This chart is absolutely true for high altitudes when the correction tem- 
perature is constant throughout. It is a])proximatcly true if the mean 
temperature between the two altitudes is found. It is almost exactly true if 
differences of altitude are sought and these differences are small. To use 
the chart it is only necessary to lay a straightedge across it diagonally, 



Fig. 386 . — Alignment Chart for Altitude and ’ Temperature Corrections. Used for 
Approximations by Engineering Division, U. S. Army Air Corps. 
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through the correct pressure and temperature points, the reading where the 
straightedge crosses the altitude scale is the corresponding height. The 
scales are graduated on both sides so that a range of altitude from 400 to 
40,000 feet can be read. The pressure scale is also graduated on both sides 
to correspond with the altitude scale. It is necessary to remembet, when 
using the chart, that whenever the pressure lies on the inside scale, the cor- 
rect altitude will be found on the inside scale also. Another useful conver- 
sion chart for changing centrigrade to farenheit degrees is given at Fig. 387. 
This also gives a conversion from millimeters to inches and vice versa. 

Rate of Climb Indicator. — Rate of climb indicators, as shown at Fig. 
388 are practical and useful instruments. They consist of a metal case 
which is sealed except for a capillary “leak tube” within which is placed a 
sensitive diaphragm cell, the interior of which is connected to the atmos- 
phere. A gear and sector mechanism transmits movements of the dia- 
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Fig. 387. — Bureau of Standard Conversion Curves for Converting Degrees Centigrade 
to Fahrenheit and Millimeters to Inches and Vice Versa. 
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phragm to the indicator pointer or hand. As the aircraft climbs or 
descends the pressure inside the diaphragm changes instantly while that 
inside the case changes slowly as the air leaks through the capillary. This 
applies a pressure on the diaphragm proportional to the rate of climb and 
the hand is moved accordingly. The instrument is mounted in the same 
manner as an alitimeter or air speed indicator and as it is self-contained no 
connections or attachments of any kind are required. The weight of the 
round dial type is 1.4 pounds, in the vertical scale type it is 1.1 pounds. 
Climb or descent can be detected much more quickly with this instrument 
than with an altimeter. 



Fig. 388.— Pioneer Rate of Climb Indicators. A— Type 165B Indicates Only Rate-of- 
Climb. B— Type 165C may be Used as Altimeter by Turning Valve Indicator 

to Right. 

In order to secure the maximum performance from his airplane it is es- 
sential for the pilot to know at all times the rate at which he is climbing or 
descending. This information, supplied continuously and accurately by the 
Rate of Climb Indicator, makes it i)ossible for him to climb the ship at the 
highest possible rate or descend as slowly as possible, without danger of 
stalling. The usefulness of this instrument is not limited to demonstrations 
or special flights, where it always assures a better performance than the 
cleverest pilot can attain without its assistance, but extends to any aircraft 
operated under conditions where flying efficiency is of interest or impor- 
tance. With its aid a pilot can take a perfectly strange ship and secure the 
maximum possilde performance under any existing conditions, entirely in- 
dependent of speed, power, or loading — something which is otherwise so 
difficult as to be practically impossible. 

The rate of climb indicator is direct reading and accurate for all condi- 
tions. It is not necessary to make any corrections or allowances. Unlike 
an Altimeter its indications do not vary with the elevation, but read di- 
rectly in terms of rate of change of altitude. In other words, it shows the 
vertical component of the speed of the aircraft. It is equally suitable for 
airplanes or balloons. The instrument illustrated at Fig. 388 A is the Pio- 
neer type 165B which has a range of 2,000 feet per minute climb and 3,000 
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feet per minute descent. This type is also made with a greater range, read- 
ing to 5,000 feet per minute in both directions and being so constructed that 
it will withstand any rate of descent without damage. 

Especially for use on airplanes engaged in aerial mapping an ultra-sensi- 
tive altimeter is combined with the rate of climb indicator by providing a 
valve for closing the cajnllary tube. This combination instrument is illus- 
trated at Fig. 388 B, and is known as type 165C. It is used as a rate of 
climb indicator while ascending to the altitude at Avhich it is planned to take 
pictures, the valve-indicator being turned to the left. Having reached the 
desired height, the valve is turned to the right and the instrument begins to 
function as an altimeter, showing elevations above or below the height 
selected. Operating as an altimeter one scale division corresponds to about 
10 feet change in elevation. The valve should be returned to the RATE 
position before the descent is begun, but the instrument is so constructed 
that it will not be damaged if this is forgotten. 



Fig. 389. — Pioneer Turn and Bank Indicators. A — Form Having Shutters as Well 
as Indicating Hand. B — Type Having Indicating Hand Only. 

Securing maximum performance of a plane by the aid of the rate of 
climb indicator is a very .sinijile matter. To climb as fast as passible, pull in 
the control until the hand of the indicator will not go any higher. There 
is a certain range in j)osition of the control where no change will be noted 
in the indication. Keep the control as far forward as possible without 
decreasing this indicated rate of ascent. This will assure maximum climb 
without the possibility of stalling. Similarly for descending without power 
at the slowest possible rate, it will be found that there is a certain range of 
control position throughout which iio change is noted in the reading of the 
rate of climb indicator. Keep the control as far ff)r\vard as possible with- 
out increasing this descent indication. This assures a minimum loss of 
altitude without the possibility of stalling the plane. The rate of climb in- 
dicator is also of great help in maintaining the desired altitude in ordinary 
cross-country flying, when visibility is poor. 
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Turn and Bank Indicator. — The turn indicator has been developed to its 
present state of efficiency and reliability through the combined efforts of 
the Sperry Gyroscope Com])any, the Lawrence Sperry Aircraft Company 
and the Pioneer Instrument Cc)m])any. The Pioneer turn indicator is used 
for controlling the flight of aircraft under conditions of poor visibility, or 
when for any reason it is desirable to eliminate yawing or turning. Used 
in conjunction with the bank indicator, which is built into the dial of all 
Turn Indicators, the pilot is able to maintain a laterally level attitude while 
flying straight and to bank at the proper angle when turning. A compass, 
by itself, is of little value when flying in clouds or at night, as it is prac- 
tically impossible for a pilot to hold his ship on a straight course, and a com- 
l)ass will only indicate correctly during straight flight or on very slow 
turns. By using a turn indicator, which shows the slightest divergence 
from straight flight, the pilot avoids turning, and his compass will function 
properly. A straight course is maintained by steering so as to keep the 
indicator in the central position. By keejnng the ball or bubble in the 
center of its tube the aircraft is held laterally level when flying straig'ht, or 
on the correct l^ank when turning. 

The sensitive element of the turn indicating mechanism is a small air- 
driven gyroscope, operated by the vacuum secured from a Venturi tube. 
The gyro is mounted in such a Avay that it reacts only to motion about a 
vertical axis, being unaffected by rolling or pitching. Constructional de- 
tails of the Pioneer turn indicator have been worked out very carefully. 
The whole instrument is non-inagnetic, permitting it to be used close to 
the compass. Adjustment of sensitiveness may be made to suit any flying 
conditions. The gyro runs on specially designed precision ball bearings, 
to which oil is supi)lied from a reservoir within the gyro. Without any 
sacrifice of sensitiveness the mechanism of the turn indicator is “damped’* 
so that the hand cannot oscillate even under the roughest air conditions. 

Three principal models of turn indicator arc inanufactiired. The type 
64D, shown at Fig. 389 A, has both a “shutter** and hand. The former 
serves to attract the pilot’s attention in case an unintended turn is made, 
and the latter is used when it is desired to maintain the heading of the ship 
very accurately. Type 64E is identical with 64D except that a ball-in-tube 
level is used for a bank indicator. 

In type 103C at P'ig. 389 B, the turn indication is given by a normally 
upright hand, and a ball-in-tubc bank indicator is used. Two sizes of Ven- 
turi tubes are made. Tvjie V3C is designed for air s])ceds under 75 miles 
per hour and Type V74 is used on a’irplanes flying at higher si)ccds. It 
has been common ])ractice to use short pieces of rubber tubing for joining 
the connecting tube to the Venturi and to the indicator. While this is 
satisfactory if the rubber tube is replaced regularly as it deteriorates, sol- 
dered metal-to-metal fittings are recommended. Without extra charge 
both Venturi tubes and the 103C turn indicator are equipped with this type 
of fitting. 

To assure satisfactory ojieration the following instructions should be 
closely observed : 

Installation of Venturi Tube. The Venturi tube should be mounted on 
the side or top of the fii.selagc or uj)on a strut, as close as is convenient to 
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the instrument board. It must be placed in a position where it receives an 
unobstructed flow of air. It is advisable in some installations, particularly 
on night flying aircraft, to mount the tube in the slipstream to insure that 
the indicator will be in full operation before taking off. Mount the tube so 
that the arrow on the name plate points forward. 

Installation of Indicator. A hole is cut in the instrument board, and the 
indicator fastened securely in place, as in the mounting of any other instru- 
ment, such as the Air Speed Indicator or Altimeter. The indicator should 
be mounted on the instrument board so that the dial is vertical, and the ball 
or bubble in the center of the tube, when the aircraft is in flying position. 



Fig. 390. — Pioneer Flight Indicator at A Combines Turn and Bank Indicator and Pitch 
Indicator. B — Venturi Power Tube Used with Flight Indicator. C — Anemometer, 
a Wind Speed or Air Distance Indicator, Depending on how it is Used. 


Connecting Tubing. For connecting from the Venturi tube to the In- 
dicator a length of metal tubing should be used. The same precautions to 
secure airtight joints should l)e used as in all pneumatically operated in- 
struments. 

Flight Indicator. — In the Pioneer flight indicator shown at Fig. 390 A 
are combined a turn indicator, a bank indicator, and a gyroscopically con- 
trolled fore-and-aft inclinometer or pitch indicator. This instrument is used 
in preference to a bank and turn indicator under conditions where the air- 
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plane must be held as closely as possible to an accurate level, both fore- 
and-aft and laterally, as for example in aerial photographic mapping. So 
long as the airplane docs not turn, the bank indicator may be used as an 
accurate inclinometer. It is therefore only necessary to keep the turn 
indicator hand on zero and to hold the bank indicator ball in the center of 
its tube, to maintain the lateral level. The pitch indicator differs from ordi- 
nary fore-and-aft inclinometers in its response to changes in longitudinal 
attitude. While fore-and-aft accelerations have the effect of minimizing 
the indication of most inclinometers, a gyroscope is combined with this 
indicator in such a way that the angular accelerations of pitching tend to 
magnify the indication. So long as the airplane is not changing its longi- 
tudinal attitude the fore-and-aft angle is accurately indicated, but if the 
plane starts to pitch, the hand immediately moves up or down, thus per- 
mitting the pilot to counteract the ]>itching movement before the airplane 
has appreciably changed its angle. With this instrument the flying attitude 
of an airplane can be maintained with very great accuracy. The flight in- 
dicator is operated from a type V3C Venturi tube shown at Fig. 390 B, this 
Venturi being used on all types of airplanes. The weight of the flight in- 
dicator is 2.85 pounds, and that of the Venturi tube 0.6 pounds. 

The following instructions should be closely observed. 

INSTALLATION : The Venturi tube should be mounted on the side 
or top of the fuselage or upon a strut, as close as is convenient to the in- 
strument board. It must be placed in a position where it receives an un- 
obstructed flow of air. It is advisable in some installations, particularly on 
night flying aircraft, to mount the tube in the slipstream to insure that the 
indicator will be in full operation before taking off. Mount the tube so that 
the arrow on the name plate points forward. The same instructions previ- 
ously given for mounting the turn and bank indicator apply to this instru- 
ment as well. The tubing should be 3/16 inch inside diameter if the dis- 
tance from the Venturi to the indicator is less than eight feet. If more than 
that, %. inch inside diameter tubing should be used. Care should be used 
to have joints airtight. Before connecting tubing it should be blown clear 
of all dirt. Avoid bends of small radius and run tubing as straight as possi- 
ble. Valves operated by knobs at the l)ezel permit the sucticjn to be varied, 
thus controlling tlie speed of the gyroscopes. They are also used for shut- 
ting off the instrument when the pilot does not choose to use it. 

Anemometers. — The instrument used for measuring the velocity of the 
wind is called an anemometer and modifications of this instrument have 
been used to indicate air speed of airplanes and dirigibles. The type which 
has been found most satisfactory by the U. S. Weather Bureau for its 
meteorological stations is shown in Fig. 390 C and consists of 4 hemispheri- 
cal cups, made of thin aluminum or copper, fastened on the ends of 4 hori- 
zontal arms at right angles to each other, mounted on a vertical spindle. 

The motion of the cujis is transferred, by a suitable system of gearing, 
to a pair of dial wheels graduated to read the velocity of the wind in miles 
and tenths of miles. In the Robinson anemometer 500 revolutions of the 
cups represent an actual travel of the wind past the instrument of 1 mile. 
The outer dial is graduated into 100 divisions, each division corresponds to 
1/10 mile of wind travel. For every complete revolution of the outer dial 
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(10 miles) the inner dial moves one division. In order to determine the 
velocity of the wind from the dial it is necessary to note the number of 
graduations through which the dial turns in a measured period of time. 
If the dial has passed through 10 divisions in 5 minutes the wind velocity 
10 5 

is ; — 12 m.p.h. 

10 60 

As the anemometer is usually mounted on a tower it is convenient to 
have the direct reading dial or recording apparatus at some distance from 
the anemometer. For this purpose the anemometer is arranged to be con- 
nected up with dry cells and register electrically. At each of the 1 mile 
points on the outer dial (i.e., every 10 divisions) small contact pins are 
set into the dial. 

Two of the pins are joined together forming the tenth-mile pin or bridge- 
pin. A contact spring, one end of which is free and tipped on one side with 
platinum can contact with a pin also tipped with platinum. This pin is 
insulated so that it does not come into electrical contact with any metal 
part of the anemometer. A small wire protected by the metal tube con- 
nects the insulated pin with an insulated binding post. 

A second binding post is secured to the metal case thus connecting elec- 
trically with the contact spring. The middle position of the contact spring 
has a small brass piece attached that projects into the path of the dial pins, 
and as the dial moves, these glide in turn over the projection on the spring 
causing it to deflect and bring the two platinum surfaces (i.c., on the spring 
and pin) into contact for a short space of time. By this means the ane- 
mometer is made to close the electric circuit, and by the aid of a recording 
mechanism and drum revolved Iw clockwork the movement of the dials is 
recorded electrically on a chart. The tenth-mile pin causes the electric cir- 
cuit to remain closed the entire time of its passage, thus giving a longer 
dash on the chart and automatically recording each complete revolution of 
the dial. 

When speed indicators of the anemometer type are used, they must be 
mounted clear of the sli])strcam and where no air currents or eddies will 
interfere with correct indications. Distance type recording dials may be 
used. The anemometer form will indicate air speeds of relatively low value 
with greater accuracy than pitot-static tube indicators. They are just the 
same in principle but smaller and lighter than the type shown. 

Magnetic Compass, — For years, mariners have found their way over the 
ocean by means of the magnetic com])ass, which is a simple instrument for 
indicating directions in a horizontal plane and thereby acting as a help for 
steering the ship. The simplest form of compass would be a magnetized 
bar or needle of steel, so pivoted that it would 1)e supported at its center in 
a manner that would permit it to swing around on its pivot. One pole of 
the magnet will point toward the north magnetic pole of the earth, which 
is different from the north geographic pole in that they do not coincide, 
so it is necessary to make certain corrections in magnetic compasses if navi- 
gation is in directions based on true north pole rather than magnetic north 
pole. Compasses may be divided into several types, namely the card mag- 
netic, the inductor magnetic and the gyroscopic. As will be evident, mag- 
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netic compasses depend upon the magnetism of the earth or flow of lines 
of terrestial magnetism from one magnetic pole to the other. Magnetic 
compasses point to the magnetic pole whereas gyroscopic compasses indi- 
cate geographical direction. The gyroscopic compass is heavier than the 
magnetic types so it has received but limited application in aircraft. The 
simplest form of magnetic compass is the fixed card, rotating needle type 
so widely used by sportsmen, that can be purchased for a dollar or less. 
This type is not suitable for cither ships or planes because it is aflfected by 
any magnetic material in its vicinity and will not give true readings. 

The card magnetic compass comprises a graduated card that has a num- 
ber of parallel magnets so suspended that they are free to assume the di- 
rection of the earths magnetic- lines. A fixed reference line, called the 
‘'lubber line” is securely fastened to the fixed compass bowl. Two forms 
of cards are used, the float and non-float. In the former, the magnets are 
carried by a hollow cylinder su]>])orted by a liquid so the weight resting on 
the pivot is reduced. Non-float types have a card of sufficient lightness so 
the float is not necessary. The comj)ass shown at Fig. 391 A is a float 
type, that at R is a non-float type. The cards may have the graduations on 
a vertical plane, on a horizontal ])lane, on a card combining both or on an 
inclined card. The inclined card is easily read so it is favored by American 
aeronautical engineers and ])ilots. The graduations are sjiaced by intervals 
of from 5 to 10 degrees, depending on the size of the card and the cardinal 
points of the compass are indicated by the abbreviation letters 
N— E— S— W. 

Card magmets arc of tungsten steel, hardened and magnetized. This 
material is used because of its magnetic retentivity. Magnets are attached 
directly to the card of a float t\pe so as to be parallel to its north and 
south diameter . In the non-float ty])e they are attached below the card by 
wires. In an airplane coiiqiass the jiivot is attached to the card, the jewel 
cup to the bowl ; a reverse arrangement to that followed in marine com- 
passes, this being a concession to the vibration jircsent in aircraft. The 
bowl of the comjiass acts as a container for the liquid used to damjien card 
movement. It may be cylindrical or hemispherical in form and has a glass 
cover or sides so the graduations can be read. Idie liquid, which should 
be non-freezing is either an alcohol-water mixture or kerosene or similar 
non-congealing mineral oil. Com])ensating ])ermanent magnets are pro- 
vided to neutralize effect of disturbance caused by magnetic materials used 
in either the fuselage or engine structure. All ferrous materials such as 
iron, steel or its alloys are magnetic while the bulk of the material used 
such as wood, fabric, and non-ferrous metals are not magnetic. 

The function of a compass is the indication of the direction in which 
the airplane is heading when flying on a straight course. It does not indi- 
cate correctly on turns which are fast enoug-h to require an appreciable 
banking of the airplane. The errors increase rapidly with the increase in 
the banking angle, a bank of about 20 degrees being sufficient to completely 
destroy the function of the compass. This condition is inherent in any 
compass depending upon the earth's magnetic field for its directive effect 
and upon gravity for its stabilization. 

Because of the errors introduced by turning, the compass cannot be 
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used to hold the plane on a straight course unless the ground can be 
watched for a directional reference. Where the ground is not visible a 
turn indicator must be employed to maintain straight flight. So long as 
the airplane does not turn, its direction will be accurately indicated by the 
compass. It must not be assumed, however, that the use of a compass is 
greatly limited. In service one is not concerned with the comjmss reading 
except when flying straight, and under this condition the instrument is com- 
pletely dependable. 

A special type of compass is made for mounting on the underside of the 
center section of a conventional biplane or upon the ceiling of a cabin air- 
plane. This is shown at Fig. 302 R. This form of compass lias proven to 
be very satisfactory, as it can lie mounted far enough from the engine and 
other steel parts of the airplane so that it is very little aflFected hy them. 
The large letters and figures make it easy to read even though located 
several feet from the pilot. Its weight is 2% pounds. 

Installation and Compensation of Magnetic Compass. — Standard 
brackets are supplied with compasses so an installation can be made in al- 
most any position. It should he mounted where it can be read easily and 
located as far as possible from parts of magnetic material. It is advisable 
to place it on the fore-and-aft center line of the airplane. Where two com- 
passes are mounted on the same airjilane, they should be located at least 
two feet apart. Com]i1ete compensation is a long and tedious task. It is 
ordinarily sufficient to adjust the com])ass to within one or two degrees of 
the true magnetic heading on the cardinal points and to make a note of the 
errors on the other headings for which allowance can be made in setting the 
course. 

A simple method consists in tying a long piece of string to some point on 
the plane from which an accurate fore-and-aft or lateral sight can be made 
and hanging a small compass from this in such a way that the string i)asses 
over its pivot. Ry turning the plane and sighting along the string any 
desired positions can be obtained. Whatever method is used for deter- 
mining directions, the folloAving ])rocedure is recommended for compen- 
sating: 

Head the plane approximately North. Note true direction. Compare 
indicated direction. If they do not agree, place com])ensating magnets in 
the athward-shi]) jnagnet carrier until the compass indicates correctly. 
Next head the plane ap])r(jxiniately East, and com])are readings. If not in 
agreement, ])lace com])ensating magnets in the fore-and-aft tube until the 
compass indicates correctly. Rej)eat on South and West headings. If com- 
l)ensation is recpiircd on either of these headings it will of course throw out 
the com])ass on the ()p])osite heading. Only half the error, therefore, should 
be removed. This will leave the errors at opposite headings approximately 
eciual. 

Now swing the ship to at least four intermediate headings, and note the 
errors. Enter these figures on a card and tack up near the compass. 

The com])ass should reejuire little attention beyond periodic rechecking 
of its compensation. Rubbles, which will appear occasionally, are easily 
removed as follows: Remove the compass from its bracket. Remove fil- 
ling-ca]^ (either one) with a screw driver. Hold compass with filling hole 
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uppermost while doing this. Manipulate compass until bubble comes just 
below filling hole and drop in kerosene with a medicine dropper or fountain 
pen filler until it overflows. Replace plug, screw up tightly and reinstall 
the compass. 


TYPICAL CHART OF COMPASS CORRFXTION 


True Heading 
0 

45 

90 

135 

180 

225 

270 

315 


Indicated Heading 
0 

48 

90 

133 

180 

228 

270 

312 



Fig. 391. — Float Type Card Magnetic Compass at A and Non-Float Form at B are 

Typical Aircraft Instruments. 

Earth Induction Magnetic Compass. — Mr. George P. Luckey, while 
Chief of the Instrument Branch, Engineering Division, Air Service ad- 
dressed members of the A. S. M. E. and S. A. E. at McCook hield, Dayton, 
Ohio on the sul)ject of the earth induction comjmss and the following ab- 
stract from his disqourse covers the subject so thoroughly that it is repro- 
duced for the information of our reader^: 

'"As ordinarily used on the ground, a magnetic compass is an accurate in- 
strument; but such a compass mounted on a vibrating hoard located within 
a few feet of several hundred pounds of iron and subjected to rapid accel- 
erations would give indications of little value. An airplane compass must 
be visible to the pilot; that is, mounted in front of him. But here it is in- 
fluenced by the engine, by current-bearing wires and machine guns in 
front, and perhaps by several thousand pounds of bombs in steel shells be- 
neath or behind it. To have the compass card level, its mass must be un- 
balanced to counteract the tendency of the north-seeking ends of the magnet 
to point downward; but this subjects the instrument to error due to accel- 
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eration caused by airplane vibrations, oscillations and turns. A magnetic 
compass also requires a certain time to assume the correct reading after a 
turn of the airplane has been made, because of its oscillation period. In 
spite of these difficulties, the magnetic compass would give fairly reliable 
indications when flying straight and level were it not for the fact that the 
magnetic disturbance due to the presence of the large mass of iron is con- 
tinually changing because of the eflfect of vibration and the change in the 
effect of the earth’s field on different headings. If it were possible to place 
the compass where disturbances due to the earth’s magnetic field were 
small, good results could 1)C obtained; but, in such a ])osition, it would not 
be visible to the pilot. 



Fig. 392. — Pioneer Card Magnetic Compasses. A — Form that can be Read from 
Top or Side, B — Type Adapted for Hanging to Ceiling of Cabin or Center Section 
Top Wing at B Gives Side Readings Only. 

Optical systems for reading a compass from a <listant location have been 
tried, but they were ff)un(l to be impracticable. A distant-reading magnetic 
compass that employs a selenium cell as a means of transmitting the com- 
pass indication to a distance was Imilt by Carl Hamberg, of Germany, but 
tests did not give satisfactory results. Work on the develo[)ment of a 
dislant-reading compass was l)Cgun in 1920 l)y the linreau of Standards, 
funds being apportioned liy the engineering division of the Air Service, and 
the first satisfactory working model of an induction type of com])ass was 
completed and tested in 1921, In spite of the great amount of development 
work already done on the induction type of compass, much remains to be 
done; but I3resent models are greatly superior to the magnetic compass in 
all respects except that of durability.” 

In a magnetic compass a magnet is allowed to align itself with the 
magnetic lines of force of the earth, but in an induction compass a current 
is generated by rotating coils of wire in the earth’s magnetic field and the 
direction of the field is determined by the amount of current generated at 
any instant in the various coils. To date, two types of induction compass 
have been developed, a single-circuit and a two-circuit type. In the single- 
circuit type, a drum-wound armature equipped with a commutator similar 
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to that used in a direct current generator is rotated in the earth’s field. This 
coil is placed where the magnetic disturbance is minimum and is rotated 
by a small propeller inserted in the airstream. The current generated is 
carried to a small galvanometer placed in front of the pilot. The brushes 
are then rotated so that they are in contact through the commutator with a 
coil of wire in which no current is being generated and, from the position of 
the brushes, the direction of the earth’s lines of force can be determined. 
The position of the brushes with reference to the axis of the aircraft will 
then give the direction in which the aircraft is heading. In practice, the 
l)rushes are rotated by a controller as shown at Fig. 366 placed on the in- 
strument board, by a rod connected to the generator. The controller is 
marked so that, when it is set to have no deflection of the galvanometer 
pointer, the course on which the aircraft is headed can be read directly. If 
the aircraft is turned 1o the right, current will flow through the gal- 
vanometer and the pointer will move to the right; for turns to the left, the 
current generated will be in the opposite direction and the pointer will 
move to the left. 

In the two-circuit type of induction compass two sets of stationary 
brushes are placed 90 degrees apart. The current from the four brushes is 
carried to the four corners of a Wheatstone bridge placed on the instrument 
board. By means of a rotating arm that makes contact with the bridge, 
current can be carried from any two opposite ])oints to a galvanometer. The 
arm is rotated until no current is flowing through the galvanometer, and 
the heading of the aircraft can be read directly from a dial. The generator 
is hung in a manner similar to that of a pendulum, and the gyroscopic ac- 
tion of the rotating armature tends to stabilize it so that its axis remains 
vertical during slight oscillations of the aircraft. 

The induction compass has many advantages over the magnetic type of 
compass. It has an accuracy of 1.5 degrees, compared with the 5-degree 
limit of accuracy of the present airplane magnetic compass. Tn many air- 
])lanes, it is impossible to place a magnetic compass so that it will give read- 
ings that arc even a})proximately correct. Since it can be read at a distant 
point, an induction coin])ass can be placed where it is undisturbed by local 
magnetic fields. The magnetic com])ass is adected by vibration and, once 
disturbed, requires considerable time for stabilization, but vibration does 
not affect an induction com])ass and it instantly shows the course on which 
an aircraft is headed. The induction comi)ass is more easily read than is 
the magnetic compass, since it is necessary only to keep the pointer of the 
induction compass indicator on zero to maintain the correct airplane course. 
By the use of suitable relays, it is possible to use the induction compass to 
operate mechanical devices. A recording induction compass already has 
been made and tested by the engineering division of the Air Service in 
which the energy from the generator was magnified by a relay to operate a 
pen moving on a rotating drum and an actual record of the course flown 
was obtained. By further development along this same line, it should be 
possible to make the induction compass steer an airplane automatically on 
any desired course. 

A Sun Compass. — When navigating in the Arctic or Antarctic regions, 
where the earth’s magnetic ])oles are located, magnetic compasses arc of 
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little value and neither are those operating on the gyroscopic principle. 
Astronomical means must be used to secure a method of indicating direc- 
tion. Owing to the length of the Arctic day light period which lasts six 
months or thereabouts, the sun is above the horizon for the greater part of 
the day and since it is nearly always visible, position of the sun can be 
used as a guide for direction. The Goerz sun compass was constructed for 
the Amundsen polar expedition. It comprises an optical arrangement of 
lens and prisms that throws an image of the sun on a screen when the air- 
craft is on the course set by the navigator. A reflecting prism may be 
moved around a horizontal axis and set for the declination of the sun. It 
may also be set according to the lime of day and a clockwork device 
orients the prism automatically. A vertical line is marked on the screen 
to serve as a '‘lubber line.’' When installed, the horizontal part of the opti- 
cal axis and the longitudinal axis of the airplane arc parallel. Deviations 
from the course are shown by movement of the image on the screen. 
When the image coincides with the "lubber line,” the navigator knows that 
the plane is following the desired course. If the airplane goes oflf the 
course, the sun image on the screen goes either to the right or left of the 
"lubber line.” Reports indicate that this form gave good results in its 
application by Amundsen and it also was used by Commander Byrd in his 
epochal North Pole circuinnavigational flight. 

Radio-Direction Compass. — This navigational aid is of great value to 
pilots flying between stations equipped with the proper sending apparatus. 
A series of signals are sent out by ground stations and are received by 
special apparatus on the ])Iane. The indication when the plane deviates 
from its course may ])c received through ear phones or by lights. For 
example, as long as the plane was on the right path, a certain letter in 
Morse code would be heard. Going to the left would bring in another 
letter, going to the right an entirely different signal. If lights are used, as 
long as a white light is scciiv the ])hinc is going in the right direction. A 
red light indicates deviation in one direction, a green light in the other. 
When the i)ilot sees a colored light burning, he steers his plane in a direc- 
tion necessary to regain his course, which is indicated by the white lamj) 
burning again. This form of compass requires much apparatus, both on the 
ground and in the airplane and as preparations for a flight along a given 
course must be made in advance, just as in Air Mail airways, this radio 
direction indictor has a limited field of a])plication compared to the earth- 
inductor compass or the magnetic compass. Instead of being a compass, 
the radio system is more comparable to an airway light or beacon. The 
principles of operation and the apparatus used have been described fully 
in publications of the S. A. E. but the subject of radio is out of the scope 
of a volume of this character, so the foregoing meagxir description must 
suffice. 

Measurement of Drift. — An airplane or airship covers a course that 
depends upon various factors. For example, when flying into a side wind, 
in addition to the forward speed, there is a side drift, varying in intensity 
with the force and direction of the wind. To fly on a pre-determined course 
or track relative to the ground, one must be able to approximate the 
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amount of drift and various forms of instruments have been devised to as* 
sist in making such determinations and assisting in navigation. When 
flying under conditions where good visibility obtains, drift can be esti- 
mated by the pilot by comparing his course with landmarks. Some instru- 
ments measure drift and ground speed and others have computing mecha- 
nism incorporated integrably. In some of these, when the known air 
velocity has been indicated on the instrument and the drift and ground 
speed, determined, the velocity triangle has been automatically solved by 
the integral computing linkage or other mechanism operated by the pilot. 

The Pioneer speed and drift meter shown at Fig. 393 is a recently de- 
veloped instrument that has a unique optical system so the field can be 
observed from any point occupied by a square foot area about a foot or 
slightly more from the face of the instrument, without distortion. This 
permits of mounting the sight on the instrument board, the telescope being 



Fig. 393. — Pioneer Speed and Drift Meter. A — Cover Raised to Show Reticule and 
Field. B — Cover Closed to Show Circular Slide Rule for Computations. 
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installed back of the board and reaching down through the floor of the 
cockpit. The cover carries a simple circular slide rule and is mechanically 
connected with a protective cap on the objective lens so that is always 
covered when the instrument is not in use and is kept clean. 

A reticule, comprising cross wires, some longitudinal for determining 
drift and some transverse for ground speeds is used in making observa- 
tions. The reticule unit is turned until the longitudinal wire is parallel 
to the drift of objects on the ground as seen in the field, by means of a 
lever pivotted in the lower scale. An index line indicates drift in degrees 
to the right or left. The time required for the image of any ground object 
to travel from one transverse wire to the other is found by using a stop 
watch. When the cover is closed, as at B, Fig. 393, the slide rule is 
brought into operating position. The inner movable scale carries an index 
on its upper half and a time scale on its lower half. The outer fixed ring 
is provided with graduatiems at the toj) to read altitude and a lower scale 
tfjsread ground sj^ccds. The index of the movable scale is set against the 
proper altitude indication and the ground speed is read in comparison with 
the time interval. This instrument can be easily operated by the pilot. 
When the drift angle has been foun.d, the pilot must set his course so the 
side movement will be compensated for. 

Numerous course and distance computers have been devised to aid in 
navigation, but these and the sextant are specialized instruments that call 
for experience and technical knowledge in their operation so that they 
cannot be included in the scope of a general treatise of this character. 
Sextants arc instruments for making observations of the altitude of stars 
or the sun so independent deterininations of ])osition can l)e used to check 
results obtained by dead reckoning. Sextants measure the height of the vari- 
ous celestial bodies by indications showing its angular relation to the 
observer’s horizon, which may be cither natural or artificial. The latter 
are necessary whenever a natural horizon is not available. 

Airship Instruments. — One of the most important of the instruments 
used only with airships is known as the manometer and its principal use 
is in measuring the difference in pressure between the air in the balloncts 
or the gas in the hull or cells and the external air. The difference in pres- 
sures measured by such devices is not large, seldom exceeding 3 or 4 inches 
head of water. Manometers are of two ty])cs, those using a liquid the 
other operating on mechanical princi])les. The simplest form is a tube 
bent in the form of a U partly filled with liquid. If the pressure applied 
to the top of the liquid in one leg is greater than that of the atmosphere, 
the liquid will rise in the member open to the air. The reservoir type 
operates on the same princi]de as the U tube exce])t that one leg has much 
more capacity or volume than the other. 

When a U tube manometer is used, it will indicate correctly only when 
level. If one leg is tilted more than the other, the reading will be at fault, 
because the zero line position is changed. To eliminate this condition, the 
concentric tube type was devi.sed. This comj)rises an inner tube carried 
in an outer concentric bottle of considerably larger diameter so the result- 
ing combination is not only concentric but is a reservoir type as well. If 
this type is used, there will be but little change of the zero line due to 
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tilting. The three types are shown at Fig. 394. The simple U tube with 
legs of equal diameter and volume is shown at A. The amount of rise of 
the liquid is shown by a suitable scale. In the reservoir type shown B, 
Fig. 394, owing to the difference in size of the large and small legs a rela- 
tively small displacement of liquid in the large leg will cause a much greater 
vertical displacement in the smaller leg so a device of this type would be 
more sensitive to pressures of low value than one of the type shown at A. 
It has the disadvantage of giving wrong readings when tilted, however. 
The concentic tube type at Fig. 394 C combines with sensitiveness of the 
reservoir type with the advantage of having but little error when tilted. 
The scale is marked on the inside tube, Avhich is about 1/4 inch bore, while 
the outer container is about 13/32 inch bore. The instrument is about 
seven inches high and the whole is mountefl in very thin wall aluminum 
tubing with a slot cut in it so the scale graduations can be read, the scale 
being graduated in millimeters with a range of from 0 to 8 centimeters head 
of water. 



Fig. 394, — Forms of Single Liquid Manometers. A — U Tube Type. B — Reservoir 
Type. C — Concentric Tube Arrangement. 

The mechanical type of Manometer is of the familiar flexible diaphragm 
form, the pressure clement comi)rising one or more dia])hragm caj)sules or 
the diaphragm ma}^ be of oiled vsilk with a flat steel .si)ring to oppose its 
motion. Simple mechanism ])rcviously described moves the j)ointer to cor- 
respond to diaphragm movements. Tlie instruments may be obtained with 
circular or vertical dials. If desired, rcconling Manometers, may be used 
to show variations in pressure while in flight at different times to permit 
of study at leisure. A multiple Manometer of the recording ty])e has been 
built by the National Advisory Committee for Aeronautics for flight work^ 
this having 30 flat dia])hragni capsules arranged around a cylindrical alu- 
minum case. Movements of the diajdiragms imjve small mirrors which 
throw light reflections on photographic film. The single liquid type 
Manometer is simple and light in Aveight and is chca]) to manufacture. 
For general use colored signal oil is used as this has a low vapor pressure, 
forms a good meniscus and leaves a clean tube when the liquid column 
changes its position. Kerosene has also been used. 

Gas Pressure Alarms. — In rigid airships it is necessary to give warnings 
when the individual gas cells have become fdled due to expansion of gas 
and excess pressure is beginning to accumulate in them. A pressure alarm 
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of the push button type has been used. As the gas cell expands or becomes 
larger in size due to increased pressure the push button is forced against 
the top of a Sylphon element containing electrical contacts sealed so hydro- 
gen gas leaking from cells cannot be ignited by the spark when the contacts 
make and break. When the contacts close an electrical circuit a red lamp 
in the cabin glows to show that there is excess pressure in the cell with 
which the push button mechanism is in mechanical contact. The button 
is about feet in diameter, supported by three springs from the base. 
Both button and base are of aluminum. 

Detectors for Gas Leakage. — Leaks in any cell can be found by portable 
gas detectors. These usually consist of a chamber provided with a disk of 
semi-permeable material at one eiul and a thin metal diaphragm at the 
other. Since gases used for inflation and air diffuse through the semi- 
])ermeablc material at difl'ering rates, if the chamber is placed over a leak 
in a cell, the gas will diffuse into the chamber interior faster than the air 
will diffuse out and the pressure inside will become greater. The flexible 
diai)hragm will deflect and operate an indicating hand showing amount of 
leakage. 

Measuring Gas Temperature. — Another important consideration in air- 
shi]) operation is the measurement of gas and air temperatures because the 
lift of any gas is affected by differences in temperature between the lifting 
gas in the container and that of the surrounding atmosphere in which it 
floats. It will be evident that the airship operator should know what this 
temperature difference is at all times. Distance tyjie thermometers of the 
electrical type are necessary because the points where the gas tempera- 
ture is measured and the pilot’s position may be several hundred feet 
apart, this distance being too gieat for the liquid distance type ther- 
mometers previously described. There are two types of electrical ther- 
mometers. The electric resistance thermometer o]:)crates because the 
resistance of certain conductors varies with temperature. If a fine wire 
of metal be placed at the point where the measurement is to be made, and a 
current jiassed through it, the changes in its resistance can be measured 
and compared to equivalent temperature variations. The temperature 
clement is usually a coil of nickel wire No, 36 gauge having 200 ohms re- 
sistance at 26 degrees centigrade; a sensitive Weston galvanometer indi- 
cating changes in current flow through the coil, the electricity being sup- 
plied by an 8 volt storage battery. The range of such an instrument built 
at the Bureau of Standards was from — 30 degrees to + 90 degrees fahren- 
heit and an accuracy of reading to 1 degree fahrenheit was obtained. The 
weight, including No. 18 double lamp cord used for leads was less than 
five pounds. 

Another thermometer o])erates on the princijjle that currents will be 
generated at the junction of two dissimilar metals 'as the temperature 
changes. A thermo-couple has the advantage that no sei:)arate source of 
electrical energy will be re(|uircd, as is needed w'ith the resistance type. 
Unfortunately, the small values of the electromotive ftnxe developed by the 
thermo-couple because of the low temperature difference between the hot 
and cold ends have made it difficult to ajiply to aeronautics. Thermo- 
couple differential thermometers, used to measure temperature differences 
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between the atmosphere and the gas in the gas bag, known as ''superheat 
meters'" have been developed by the Bureau of Standards. This instru- 
ment uses couples made of alloys known as Alumel "P” and Chromel "P." 
Four such couples are placed in series and the voltage developed is read 
on a Weston galvanometer with a scale graduated to read from — • 10 de- 
grees to 30 degrees fahrenheit superheat. The hot junction is in the gas, 
the cold junction being covered so no rain can get into its casing, though 
free circulation of air is provided. As the gas temperature in a cell varies 
greatly, being much hotter in the upper half than in the lower, the placing 
of the resistance coil or thermo-couple must be such that an average tem- 
perature be measured instead of either of the extremes, especially if the 
resulting temperature readings are to be employed in computing lift. 

Statoscopes. — Instruments used in balloons and airships to detect small 
variations in ])ressurc and to indicate small variations in height are called 
statoscopes. They are useful when the pilot is trying to maintain flight at 
a uniform pressure level. There are two forms of statoscopes, a pneu- 
matic type in which a bubble gives the indication and a mechanical type. 
The bubble type comprises an air chamber connected to the atmosphere 
by a curved tube of glass in which a colored oil is placed to seal the air 
chamber. When the air pressure changes, due to either rise or fall, the 
liquid moves in the tube and breaks in a trap at one end of the tube, 
admitting air in the air chamber to ecjualizc that of the external air pres- 
sure. Observation of the number of times the bubble breaks ])rovides an 
approximate idea of the change in altitude. As the bubble will break for 
a pressure variation of about 20 feet at sea level and 26 feet at 10,000 feet 
above, it is much more sensitive than an altimeter. As the liquid will move 
in the curved tube before the bubble reaches the enci and breaks, even 
smaller pressure changes or rise and fall than 20 feet may be determined 
from the arbitrary scale. A statosco])e of the bubble type must be kept in 
a vertical position to have the bubble breaks occur at uniform “pressure 
dilTerences and also to prevent loss of liquid of which the bubble is com- 
posed. 

The mechanical type statoscope has an air chamber closed by a flexible, 
corrugated metal dia])hragm, this air chamber being in cotnmunication with 
the air. To secure an indication, the rubber tube is ])inched to close it 
and seal the air chamber. When the tube is closed, if the ship is ascend- 
ing or descending the ])rcssure difference between the outside air and the 
inside of the chamber will cause the flexible diaphragm to deflect, this being 
multiplied by suitable mechanism. The* mechanical statoscope is merely 
a very sensitive altimeter or aneroid barometer that reads zero at any 
chosen altitude or Avhen the air chamber is open to the air. If the dial is 
graduated in terms of altitude, the instrument will give correct indications 
only at one pressure level. The mechanical type is not as sensitive as the 
bubble type. It has the advantage that the change in altitude may be read 
directly on the scale if the pressure variation due to the rise and fall of 
the ship is not too great for the range of the instrument. The pointer is 
set at zero by a suitable adjustment before taking a reading each time there 
is a pressure variation because the instrument is operated a level suffi- 
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ciently greater than the preceding one to be more than the range of indi- 
cation. 

A statoscope with a clock mechanism incorporated that will open and 
close the air tube valve periodically can be calibrated in units that will 
indicate rate-of-climb. Sometimes a rubber or oiled silk diaphragm will be 
used instead of a flexible metal one. 

Fire Hazard in Airplanes. — The fire hazard probably is by far the most 
terrifying of all hazards encountered in aviation. Fires in the air are al- 
most invariably the result of a broken or leaking fuel line, the leakage 
from which becomes ignited by some leak in the ignition system. The 
heated exhaust pipes and the products of combustion are not serious 



Fig. 395. — Pressure Type Fire Extinguisher Carried in Engine Compartment Contains 
One Quart of Carbon Tetra Chloride and Sufficient Air to Spray it Around the Engine 
Compartment when Valve is Opened. 

sources of ignition in flight due to the high velocity of airflow around the 
exhaust area. Fires therefore occur in tlie engine compartment or in the 
first cowled-in bay of the fuselage. All airplanes have a metal or metal 
and asbestos fire-wall built into the fuselage in the wake of the engine and 
carry a pressure fire-extinguisher. This is illustrated in Fig. 3^5. The 
fire-extinguisher has a capacity of about 1 quart of carbon tetrachloride 
and sufficient compressed air to spray it around the engine compartment. 

In its latest form, the fire-extinguisher is built in the form of a cylinder 
with a central tube. The tube contains air compressed to approximately 
100 pounds per square inch. The outer space contains the tetrachloride 
fluid. Two needle valves mounted in the head arc connected to a yoke 
which is operated by a quick acting thread. The valv^ actuating lever is 
arranged for manual control by the pilot. When the valves arc opened, 
compressed air is admitted to the liquid container and the liquid outlet is 
opened to discharge the fluid over and around the engine. The extin- 
guisher is mounted as close to the engine as possible to reduce the piping 
required. The results of a large number of crash tests at McCook Field 
indicate that hot exhaust ])ipes are the most common source of ignition of 
both leaky gasoline and engine oil escaping from a ruptured oil system or 
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broken crankcase. This condition has been reduced by the use of short 
stacks in service machines. It would seem that covering the exhaust pipes 
with asbestos cord and further protecting this with an outer layer of metal 
would greatly reduce the risk from fire due to hot exhaust pipes. 

Some Notes on Aerial Navigation. — Bradley Jones of the Engineering 
Division, Air Service, McCook Field read an interesting paper before the 
Dayton Section of the S. A. E. on Aerial Navigation from which the fob 
lowing excerpts have been taken. Aerial navigation is the art of utilizing 
all possible aids to enable an aircraft to accomplish its mission efficiently 
under adverse, as well as favorable, conditions. This imjilics not merely 
flying the most direct course but selecting the altitude that has the best 
meteorological conditions, such as visibility, favorable winds and other im- 
portant factors. 

Navigation, whether aerial or nautical, presents the two problems of 
(a) ascertaining one’s geographical position and (h) maintaining a direc- 
tion. If the direction of movement is known, the first ])roblem is greatly 
simplified. The j)roces of navigating a ship at sea is roughly as follow^s: 
Position of the ship is ascertained by observations of the sun or stars. Al- 
lowance is made for estimated ocean currents and exjiected drift due to 
Avind, and a course is set that should bring the ship to its destination. A 
log registers the number of miles the ship travels ahead through the water. 
A iiosition can be deduced at any time by reading the log and assuming 
that the registered distance has been travelled along the set course except 
for drift and current. This deduced reckoning or, as it is usually termed, 
‘‘dead-reckoning,” is liable to considerable error. Whenever a position is 
found by astronomical observation, it is assumed to be correct and the dis- 
crepancy between the dead-reckoned position and that found by sextant 
observation is usually attributed to “current.” This “current” includes not 
only the difference in position due to flow of the water but also the errors 
due to imperfect steering, improper allowance for compass error and drift 
and inaccurate logging. 

In the air, navigation by dead-reckoning is extremely difficult wdien out 
of sight of land, because of the variability of air currents, or winds. At sea. 
the movements of the water are well known and have been charted. Ocean 
currents arc due principally to trade wdnds and are practically constant. 
The movement of the swdftest current, the Gulf Streatn that flows between 
Florida and the Bahamas, is only 5 m.p.h. Air currents vary from hour to 
hour and differ at different altitudes. Winds of 40 to 50 m.p.h. are not 
uncommon, and much higher velocities may be encountered. 

Much misconception has arisen through the use of the term “drift” to 
designate the extent to which an airplane is carried off its course by wind. 
At sea, drift or “leew^ay” refers to the distance a ship is blown sideways 
through the water by the force of the wdnd on the hull and superstructure 
above the water. An airplane, wdiich is \vholly in the air and moves for- 
ward under the action of its engine and propeller, never moves sideways 
through the air: if the air moves, the airplane is carried with it and de- 
scribes a path with res])ect to the ground that differs from the direction of 
its heading. 
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Drift can he measured from an airplane on most cross-country flights 
by any of several sighting devices. If the angle of drift is known, the 
course of the airplane is altered to result in ''crabbing'' into the wind so 
that a correct course over the ground is flown. Even on cloudy days there 
are usually rifts or holes in the clouds through which sufficient glimpses of 
the ground can be obtained for measuring the drift. Weather conditions 
change much more quickly in a north-and-south direction than in an east- 
and-west direction ; therefore, when flying north or south it is wise to ob- 
tain drift measurements a1:)out every 50 miles, whereas, when flying east 
or west, a measurement every 75 or 100 miles is usually often enough. 

Drift measurements from the airplane are impossible wdien clouds en- 
tirely obscure the ground. Various plans that involve the use of a longi- 
tudinal wire which cuts the earth's lines of force or of a ball rolling on a 
flat plate have been proposed for taking such measurements, but none of 
these schemes has been made practical as yet. 

Major Blair, of the Signal Corps, has devised a method of measuring 
wind velocities a1)ove clouds from a station, and if the wind velocity is 
radioed to aviators in the air the information can be used to correct their 
courses. Without this definite information, only a])j)roximations can be 
made. The turning of winds with altitude is known in a general way, and 
by studying weather maps a rough idea can be obtained of the probable 
winds that will be encountered. 

An aviator, when flying over land, needs a good C()m])ass to enable him 
to fly a straight course, and he must be ke])t informed of his drift so that 
this straight course shall be the correct ])ath to his destination. Without 
both a reliable com])ass ami drift knowledge, the aviator must follow rail- 
roads, highways and rivers and conseciuently must fly a devious course. A 
knowledge of direction and drift are also necessary when flying over water. 
Since objects on which to sight are absent, the airplane carries smoke 
bombs or flares, wdiich are dropped whenever a drift measurement is de- 
sired. 

Sextant observations arc made in much the same way as from shi])s, 
and if the airplane is low enough for the sea horizon to be used, the same 
degree of accuracy is obtainable. An artificial horizon is used Avhen clouds 
or haze hide the true horizon, but the accuracy of these “shots” is much 
less than that ol)taincd with the true horizon, although it pro1^al)ly is of 
a higher order than is the accuracy of dead-reckoning. 

The polar flights in the spring of 1926 presented some peculiar ])rol)Iems 
in navigation. Everyone probably realizes that if one starts from any 
point on the earth and flies due north, he will reach the North Pole, barring 
mishaps. It is not so commonly appreciated that, starting from any point 
and flying any northerly course between 89 and 271 degrees by comiKiss, 
the North Pole will be reached eventually by way of a spiral course. 
Starting from the equator and flying due north, the pole is reached after 
travelling 6,300 miles ; but if one starts at the equator and flies continuously 
an 89 degree course, he Avill travel more than 350,000 miles to reach the 
pole. 

Navigating the N.C. Boats. — Novel instruments that Avere especially 
invented or designed for use in oversea navigation Avere employed in j^rac- 
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tice for the first time by the Navy-Curtiss seaplanes in the famous trans- 
atlantic flight made a number of years ago. No airplane had ever flown 
far enough out to sea to warrant the use of the sun, moon and stars for fix- 
ing a geographical position as is done on seagoing ships prior to this flight. 
Navigation, therefore, on a transatlantic flight was new and untried and it 
was necessary in preparing for this flight to design three new instruments 
for navigational use. These were an aerial sextant, a drift and speed in- 
dicator and a course and distance indicator. Since the time of Columbus 
celestial bodies have been used to locate the position at sea, but to do this 
a clear day has been necessary so that the observer could take the altitude 
of the heavenly bodies. 

For this flight, however, an instrument was designed that will enable 
the air navigator to locate his position regardless of the state of weather 
and regardless of the very fast speed of airplanes. A unique feature of the 
Byrd aerial sextant designed l^y the man who was to be the first to pilot an 
airplane to the North Pole and back some years later is that a bubble in a 
tube takes the place of the sea horizon in the observations. A specially 
constructed lens is used in sighting the bubble, which is reflected in a 
mirror. The sun is reflected in another mirror. The observer brings the 
sun tangent to a line at the same time he brings the bubble tangent to the 
line. That gives the altitude of the sun. This is of especial value as the 
aviator is often al)ove the clouds and even when flying- at low altitudes the 
horizon is too dim to be seen clearly. With this new aerial sextant the 
curvature of the earth does not have to he taken into consideration in cal- 
culating position. The bubble is lighted at night, so that night observa- 
tions may be taken. New methods of astronomical calculations w^ere also 
devised which enabled the navigator to make his calculations in a fifth of 
the time that was formerly necessary. A zenithal projection chart of the 
Atlantic Ocean was specially constructed for this purpose. This chart, a 
new invention, did away with difficult mathematical calculations enabling 
the aviator to determine his jmsition in a few minutes. 

Another great jiroblem of the sea-air navigator is the calculation of the 
speed and direction of the wind, both day and night. In spite of the re- 
liability of the compass, it can only give the course upon which the craft 
heads, and in determining the true course, proper allowance must be made 
for the sidewise drift caused by the wind. For example, a wind blowing 30 
miles per hour toward the side of the plane will blow it 30 miles per hour 
out of its course. This fact alone makes the navigation of the air far more 
difficult than the navigation of the sea. To overcome this difficulty bombs 
have been invented which ignite upon striking the surface of the water 
and give a dense smoke and bright light for 10 minutes. An instrument 
used in conjunction with this bomb enables the navigator to determine the 
velocity and direction of the wind by sighting on the smoke in the day- 
time and the light at night. This instrument, called the speed and drift 
indicator, has proved successful. When the navigator has found the speed 
and direction of the wind, he must then be able to calculate the course to 
steer to allow for this wind. To do this an instrument has been designed 
to solve the triangle of forces, thus doing away with cumbersome mathe- 
matical calculations. 
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The navigator’s cockpit of the N.C, boat seaplane was in the fore part 
of the hull and was equipped with a chart board, a chart rack and lamps. 
He also had a specially designed headgear for telephone communication 
with the pilots so that he can direct them when to change the course. The 
noise from the four big engines was so great that it was impossible to hold 
conversation except with specially designed telephone apparatus. The 
navigator also had instruments to show him the altitude of the plane and 
the time the sun keeps with the Greenwich meridian, liccause in going to 
the eastward so rapidly it is difficult to keep the correct time. In going 
from Newfoundland to the Azores, over 2 hours was lost in a period of 
20 hours, so that the navigator must be very expert to allow for this loss 
in time in making his astronomical calculations. In aerial navigation posi- 
tions must be determined very quickly. The navigator sits down to work 
out his “sights” to fix his position and will be far from his calculated posi- 
tion unless he works out his calculations very rapidly, which these instru- 
ments enable him to do. 

Night Flying. — Pilot Wesley L. Smith, of the Air Mail Service, who 
has been flying between New Brunswick, N. J. and Cleveland, Ohio, 
read a very interesting paper before the S. A. E. at the annual aeronauti- 
cal meeting held in 1926 in which he outlined some very interesting facts. 
A portion of the route, that between Bellefonte, Pennsylvania and Cleve- 
land, Ohio, is shown at Fig. 396. A profile map is shown so that the heights 
of the various hills and mountains between the two points can be ascer- 
tained. Beacons are placed on mountain tops and on emergency landing 
fields. Beacons on mountains revolve in one direction, on emergency fields 
in the opposite direction. The mountain top beacons are surmounted by 
red lights as an additional distinction. Each terminal field and emergency 
field is hounded by lights about 250 feet apart and all obstacles are sur- 
mounted by red lights. The best approaches to the field are indicated by 
green boundary markers. Flood lights are used for terminal field illumina- 
tion but when landing on emergency fields, the ])ilot has recourse to a para- 
chute flare and large landing lights on the machine. The distance between 
beacons is about 8 miles and landing fields about 17 miles. In addition to 
beacons, the pilot can see the lights of cities and towns along the route 
and also locates himself by large factories, blast furnaces and amusement 
parks. Lighted railroad trains are often used as guides when their direc- 
tion of travel can be determined. Headlights of automobiles indicate main 
highways. Railroad roundhouses at division ])oints are aids and even 
mountains and bodies of water in the vicinity of lighted areas arc of value. 
An almost unbroken stretch of well lighted factory cities extends from 
Pittsburgh to Cleveland that have been used by Pilot Smith to guide him 
on his course. The emergency landing fields arc close together on this 
route because the nature of the terrain is such that safe landings, other 
than on those fields would be difficult at night and the pilots would depend 
on their parachutes in an emergency that would call for a landing between 
fields. 

Plane and Equipment for Night Flying. — In order to do this sort of 
flying, much depends on the airplane, and very definite requirements must 
be met by it. First in order are the flying qualities, the most important of 
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of which is stability. In order to do much flying by instruments, we must 
have an airplane that is stable fore-and-aft, laterally and directionally. It 
must fly ''hands off’’ whether flying level, climbing or descending in fairly 
rough weather. Flying by instruments is an intense physical and mental 
strain and the pilot needs as much relief as he can get from a stable plane. 
The plane must be extremely maneuverable for getting into and out of poor 
emergency fields that are surrounded by obstacles. It must have a slow 
landing-speed, because these fields are mostly small. It must have a rapid 
climb, to clear obstacles on a take-oflf and to climb quickly above clouds 
whose moisture may freeze on the ship and soon weigh it down to the 
ground. It must have a cruising-range that will carry us, non-stop, from 
New York City to Cleveland against a 30-niile headwind, because the inter- 
vening country may be covered with storms that make safe landing impos- 
sible. In addition to this, fuel for an extra hour is needed to enable us 
to locate the course, if it has been lost on the way in bad weather. 

The special night flying jilane equipment consists of the following: 
three navigation lights, one on each wing-tij) and one on the tail, to enable 
pilots to see other ships en route; two large headlights for landing in 
emergency fields that arc not e(|uipped with flood lights, these are some- 
what similar to automobile headlights but are much more powerful; and 
two large magnesium parachute flares, one of which will light 1 square 
mile of area brilliantly from an altitude of 2,(XX) feet and thus will disclose 
and emergency field and all its obstacles. It burns long enough to allow 
])lcnty of time for landing. These flares are fairly reliable but occasionally 
fail to light, so two are carried by each ])lane. They are more generally 
used than the landing lights because of the many obstacles about the emer- 
gency fields. 

Our five senses are not keen enough to enable us to fly straight. when 
nothing is visibilc outside the ship, so we must have some instruments to 
aid us. All the navigation instruments are grouped closely in the center 
of the instrument board, so that they all can be seen at once. A very im- 
portant navigational aid is the com])ass. Inasmuch as the magnetic north 
l)ole is in the neighborhood of 70 degrees north latitude and 97 degrees 
west longitude or to the northwest of Hudson Bay, the meridian on which 
an uncompensated compass would be correct passes over the Atlantic 
Ocean off our coast. Com])asses must be compensated to make them show 
the correct direction, and they can only be compensated in one locality. 
A compass compensated correctly at Cleveland is 11 degrees off at New 
York City. No roads or cities near New York City are laid out on north 
and south lines, whereas, in Ohio, they nearly all are so laid out. Com- 
l)asses consequently, are adjusted in CIca eland and the variations along the 
way to New York City must be known. The compasses must also be 
compensated to overcome the effects of the metal partes of the plane. As 
our course is not straight, allowance for that must also be made. 

The earth’s magnetic field is parallel to the earth’s surface only at the 
equator. In our latitude, it dips about 60 degrees and the compasses must 
be balanced accordingly. This makes every compass a pendulum and 
proper allowance must be made. Raising the nose of the ship suddenly 
causes the compass to swing to the north; lowering the nose suddenly 
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causes it to swing to the south. In turning toward the north, the compass 
generally reads correctly, ))ut turning toward the south causes it to swing 
past or farther than it should and to oscillate before coming to rest. So, 
sudden maneuvers must be avoided in navigation flying, louring storms, 
whon a com])ass is most needed, the ])lane is tossed about and does all the 
things just mentioned in s])ite of the pilot’s best endeavors. Under the 
compass, therefore, is a turn indicator. 

The turn indicator records reactions on a spinning gyroscope, the 
pointer indicating the direction in which the ship is turning. In rough 
weather, the pilot tries to keep the pointer straight down and to hold to the 
average reading of the compass, the proper one for the course. The com- 
pass generally swings somewhat in a storm. Tlic turn indicator will show 
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Fig. 396. — Map Showing Territory from Belief onte. Pa., to Cleveland, Ohio, on the 
New York to Cleveland Air Mail Route. Note Profile Showing Elevations, also 
Location of Beacons and Emergency Landing Fields. 

the turn for a second to one side, if a l)um]) drops that wing, so quick move- 
ments must be disregarded in rough storms. 

Under the turn indicator is the I)ank indicator, wliich consists of a steel 
ball in a slightly larger curved glass tube filled with alcohol, to dampen the 
vibrations. The steel ball remains in the center during level flight or 
while making a perfect turn that is properly banked. Any deviation from 
the center shows a low wing. If a turn is being made and the ball follows 
the pointer, the ])lane is overl)anked and a side-slip results; if the ball goes 
in the opposite direction, the plane is underbanked and a skid results. 

An altimeter, is placed at the left of the bank indicator. This consists 
of a sensitive diaphragm on one end of an enclosed cylinder. This dia- 
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phragm moves in and about as the air pressure on the outside varies, its 
action being multiplied to move the hand on the dial. On the dial are two 
scales. The outer full one is calibrated in feet so that the hand will record 
changes of altitude to correspond to changes of air pressure. But the air 
pressure at any s])ot changes constantly due to the approach of storms, 
which are low pressure areas, or to clear weather, which is a high pressure 
area; consequently, these changes may cause the pointer to show a change 
of altitude of 1,000 feet while the airplane is remaining cjuietly in the 
hangar. The altitude scale, therefore, is movable and, before a trip is 
begun, is set so that the hand will point to the elevation of the starting 
point above sea level. Each of the fields is at a different elevation and, to 
take this into account, all elevations are referred to sea level. 

This instrument, since it measures changes of air pressure, is also a 
barometer. The small inside scale is calibrated to read j)ressures corre- 
sponding to inches of mercury on a regular barometric scale and is set l)y 
comparing it with that of a standard barometer. The scale shows only 
the range from 29 to 31 inches, which is the common variation of a ba- 
rometer at sea level. The barometric pressure may, and usually does, vary 
over a route, so that the altimeter, although set correctly at New York 
City, will show a wrong elevation upon landing at some other field where 
the barometric pressure is dilTcrent. There arc barometers at New York 
City, Bcllefonte and Cleveland, and the reading at the next station is ob- 
tained before beginning a trip. For sake of sim])licity, these barometers 
arc all corrected to give the reading as it would be at sea level. The movable 
altitude scale is then turned until its zero is oi)posite the barometer read- 
ing of the field toAvard which the airplane is travelling; whert that field is 
reached, the altimeter will show the correct elevation upon landing. The 
altimeter, being correct for that area, then tells me how high to fly to clear 
all mountain peaks nearby. 

All air speed indicator is operated by a jiitot tube on a wing strut out- 
side the propeller wash. The air pressure varies with the sliced at Avhich 
the airplane is travelling through the air, so the instrument is calibrated to 
read in miles per hour. Knowing the cruising speed of the airjilane, any 
climb or descent is indicated first hy this instrument and then by a change 
of the altimeter. By its use, the airplane may be kept Avithin safe climbing 
and descending speeds and may also be kept level fore and aft. This iii- 
striiment is also useful in detecting the formation of ice. If the tachometer 
shows no variation but the air speed apparently drops, ice is forming in 
the throat of the jiitot tube and Avill shortly put it out of commission. 

The tachometer, indicating the sjieed -at Avhich the engine turns, may 
also be used to check climbs or descents. With a fixed throttle, the engine 
sloAvs doAvn in climbing and speeds up in descending. 

Influence of Weather. — Pilot Smith states that inclement weather is one 
of the greatest troubles experienced by pilots flying at night. Fog is the 
worst enemy of pilots of airplanes, just as it makes marine navigation so 
difficult. If the fog is thin, that is not more than 1,000 feet thick, beacons 
and city lights will shoAv through it, at least enough to keep a pilot on his 
course. If a bright moon is shining on the fog, nothing can be seen through 
it. It is often possible to fly around rain storms and these are not par- 
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ticularly dangerous even if the pilot must fly through them. Fogs and 
rains are spring and summer conditions. 

Autumn brings longer and more severe rainstorms and thicker fogs 
than summer, but they are not so frequent. Many times fog forms as the 
sun evaporates the frost at sunrise. Winter l)rings snow. In snowstorms, 
the clouds are usually higher, touching only the topmost mountain peaks, 
but the visibility is poor. Usually straight down is all that one can see. 
A severe blizzard over a landing field would, of course, make landing there 
impossible. Snow on the ground is a great help in flying. Even on the 
darkest night, it is possible to see the ground, mountains and the like, when 
they are snow-covered. But, on the other hand, deep snow on landing 
fields prevents their use. It is not often that there is enough snow on the 
ground all the way from New York City to Cleveland to use skis. So, the 
main fields are rolled to pack the snow and pilots can land an'd take-off 
with the wheels. But, in the meantime, emergency fields are worse than 
useless, for the unlucky man who lands there must await a thaw or the 
coming of skis from a terminal field. Snow squalls of short duration are 
more frequent in winter than are thunder storms in summer, but they are 
not bad for us. 

The greatest of all our problems is ice. When the temperature ranges 
from the freezing point down to about 10 degrees above zero fahrenheit, 
moisture in the clouds will freeze on the airplane, first upon the wires, then 
upon the struts and the fabric, loading the airjilane and creasing its re- 
sistance until it is forced down. When this happens the landing-speed is 
usually 20 or 30 ni.p.h. higher than normal, due to the increased load. 
When the temperature is below ])Ius 10 degrees fahrenheit, the clouds arc 
apparently composed of minute ice crystals that cannot and do not freeze 
on the ship. 

If the clouds touch only the highest points, it is possible to fly just 
below them except at the high ])oints, and the few minutes required to pass 
these points does not put on much ice. The other alternative is to fly 
above the clouds, climbing through them rapidly to avoid an excessive load 
of ice. This is usual eastbound, but can seldom be done westbound be- 
cause of the prevailing west wind and the loss t)f speed by the airplane 
when aloft. As a result eastbound trips, under those conditions, are more 
likely to be completed than are westbound trips. The ice coats the wires 
to three times their usual size. It coats the pro])cller unevenly, thus un- 
balancing it, and the resulting vibration sometimes snaps wires on the 
wings before the ship becomes overloaded. 

It is sometimes wanner above the clouds than in them. Pilot Smith 
stated that he has several times lost the ice above the clouds that he had 
gathered while climbing through them. 1 he tcm])erature usually drops 
1 degree for each 300 feet of climb, so it is sometimes jiossible to stay below 
the freezing zone when the lower strata are warmer. This is more common 
in the spring and autumn when ground temperatures range around 40 
degrees and we can just clear our high points below the freezing zone in 
the clouds. 

When forced to land on an emergency field, on account of bad weather 
at the next terminal field, we do not stop the engines, in winter. It is too 
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hard to drain and refill them with water and oil and to get started again. 
An engine may Ijc idled several hours, using very little fuel and oil, and the 
flight resumed when the weather breaks. Engines are very hard 1o start 
when cold and the caretaker of an emergency field is not of enough assist ^ 
ance. When an engine must be stopped in winter, it is usually necessary 
to send two mechanics to the i)ilot’s assistance to get it started again. 

Spring bring-s snow scjualls, much sleet that freezes on the planes caus- 
ing many forced landings and much fog. Fog is caused by alternate thaw- 
ing and freezing, each thaw generally ])ro(lucing a fog. This alternate 
thawing and freezing makes all the fields soft and much care must be exer- 
cised in landing, even on the terminal fiehls. 


QUKSTIONS FOR RFViEW 

1. Name clifTerenl classes of airi)laiie inslnimeiits. 

2. Wliat are the important penver plant instriiments? 

3. What instruments are especially valuable in helping? the ])ilot control his plane? 

4. What instruments are essential to a^'rial navigation? 

5. Name instruments used only in airshit)s. 

6. What is the difference between a centrifugal and clironometric tachometer and 
for what purpose arc these used? 

7. What is the principle of operation of a distance tyi)e thermometer, of an air 
speed indicator? 

8. What is an earth iiuhiction compass and why is it valuable in aircraft? 

What is a manometer, a statoscopc, a gas pressure alarm'' 

10. What is the difference between an aneroid altimeter and a barograph? 



CHAPTER XIX 

STANDARD NOMENCLATURE FOR AERONAUTICS 
REPORT No. 240— PART I 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

Definitions of all Important Terms Used in Connection With Aviation and Aerostation 
Arranged in Alphabetical Order for Ready Reference. 

absolute inclinometer — See tnclinomkter, absolute. 

accelerometer — An instrument for indicating, measuring-, or recording* ac- 
celerations. 

aerodynamic volume — See volume, aerodynamic (airsiup). 
aerodynamics — The lu*anch of dynamics wliich treats of the motion of air 
and other gaseous fluids and of the forces acting on solids in motion 
relative to such fluids. 

aeronautics — The science and art pertaining to the flight of aircraft, 
aerostat — A generic term for aircraft wlH)se su])]>f)rt is cliiefly due to buoy- 
ancy derived from aerostatic forces. The immersed body consists cd 
one or more bags, cells, or other containers, fdled witli a gas whicli is 
lighter than air. 

Syn.— T.k ;iiTKR-TTiAN-AiK (*RAi'T. Includes airship and balloon, f(. v. 
aerostatics— Til e science that treats of the e(|uilibriuni of gaseous fluids 
and of solid bodies immersed in them. 

As an aeronautic term, it rebates to those ])ro])erties of lighter-than- 
air craft which are due to the buoyancy of the air. 
aerostation — The art of operating aerostats. 

aileron — A hinged or ])ivoted nio\able auxiliary surface of an airplane, 
usually part of the trailing edge of a wing, the jiriniary function of 
which is to imiiress a rolling inom(‘nt on the airplane, (hdg. 3^)/.) 
aileron angle — Sec ancle, aileron. 
air controls — See controls. 

aircraft — Any weight-carrying device or structure designed to be su]!- 
ported by the air, either by biiuyancy or by dynamic action, 
air duct — A tube, usually of fabric, sii])i)lying air for filling or for main- 
taining jiressiire in air filled ])arts of an aerostat. 

(a) The duct joining the vcTtical and lateral lobe.^ of a kite bal- 
loon. Sometimes called “interconnecting sleeve” or “trousers” (Brit- 
ish). 

(b) The duct leading from the air scoo]) or hloxVer of a non-rigid or 
semi-rigid airshij) to the ballonet or halloiicts. 

airfoil — Any surface designed to be projected through the air in order to 
produce a useful dynamic reaction. 

airfoil section (or profile) — A cross section of an airfoil made by a jilane 
parallel to a specified reference i)lane. A line i)erpendicnlar to tlii.^^ 
plane is called the axis of the airfoil. 

787 
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air log — An instrument for measuring the linear travel of an aircraft rela- 
tive to the air. One form consists of a windmill with a revolution 
counter. 

airplane — A mechanically driven aircraft, heavier than air, fitted with fixed 
wings, and sui)ported by the dynamic action of the air. 

airplane, pusher — An airplane with the pro])eIler or propellers in the rear 
of the main supporting surfaces. 

airplane, tandem — An airplane with two or more sets of wings of sub- 
stantially the same area (not including the tail unit) placed one in 
front of the other and on about the same level. 

airplane, tractor — An airplane with the propeller or propellers forward of 
the main supporting surfaces. 

airport — A locality, either of water or land, which is adapted for the land- 
ing and taking off of aircraft and which provides facilities for shelter, 
supply, and repair of aircraft; or a place used regularly for receiving 
or discharging passengers or cargo by air. 

air scoop — A projecting scoop which uses the wind or slip stream to main- 
tain air jiressure in the interior of the ballonet of an aerostat. 

A similar device is sometimes used on airplanes to produce ventila- 
tion. 

airship — An aerostat provided with a propelling system and with means 
of controlling the direction of motion. When its power plant is not 
operating, it acts like a free balloon, 
non-rigid — An airship whose form is maintained by the internal pres- 
sure in the gas bags and ballonets. 
rigid — An airshij) whose form is maintained by a rigid structure, 
semi-rigid — An airship whose form is maintained by means of a rigid or 
jointed keel in conjunction with internal pressure in the gas containers 
and ballonets. 

The term "'airship'' is sometimes incorrectly applied to heavier-than- 
air craft either in full or as “ship.'* This is a slang use of the word 
and should be avoided. 

airship dope — Sec dope, airship. 

airship station — See station, airship. 

air speed — The speed of an aircraft relative to the air. Its symbol is V. 

air-speed meter: 

air-speed indicator — An instrument for indicating the speed of an air- 
craft relative to the air. It is actuated by the pressure developed in 
a suitable pressure nozzle or against a suitable obstruction and is 
graduated to give true air speed at a standard air density. 

The speed indicated by the instrument is termed the "indicated air 
speed.” (The indicated speed is a direct measure of the lift or drag 
exerted on the airjilane at any altitude. Stalling at all altitudes occurs 
for the same value of the indicated speed.) 
true air-speed meter — An instrument for measuring the true speed of an 
aircraft relative to the air. The Biram and Robinson anemometers are 
of this type. 

air volume (airship) — See volume, air (airship). 
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Fig. 397. Plan and Side and Front Elevations of Biplane Showing Parts and Recom- 
mended Nomenclature. . 

air-volume displacement— See displacement, air volume. 

airway An air route lietween air traffic centers which is over terrain best 

suited for emcrg'ency landing's, with landing fields at intervals etjuipped 
with aids to air navigation and a communication system for the trans- 
mission of information pertinent to the operation of aircraft. 
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The term “airway” may apply to an air route for either landplaiies 
or seaplanes or both. 

alarm, gas-cell — A device, fitted adjacent to a gas cell, which indicates or 
warns when a pre-determincd limiting pressure has been reached in the 
gas cell. Also called “pressure alarm.” 

altigraph — An altimeter equij^ped with a recording mechanism. Present 
instruments are of the aneroid ty])e. The chart, driven by clockwork, 
is usually graduated in feet or meters in accordance with some empiri- 
cal or arbitrary pressurc-tem])erature-altilucle formula. In other words, 
it is a barograph whose scale is designee] to read heights. 

altimeter — An instrument for measuring or indicating the elevation of an 
aircraft above a given datum plane. 

altimeter, aneroid — An altimeter, the indications of which depend on the 
deflection of a pressure-sensitive element. The graduations of the dial 
corresi^ond to an empirical or arbitrary pressure-tempcrature-altitudc 
formula. 

altimeter, electrical-capacity — An altitnctcr, the indications of which de- 
pend on the variation of an electrical ca])acity with distance from the 
earth’s surface. 

altimeter, engine — An altimeter for indicating the altitude corresponding to 
the pressure produced in the intake manifold of a supercharged en- 
gine. 

altimeter, optical — An altimeter, the indications of which dej^end on the 
manipulation of a suitable oi)tical system. 

altimeter, sound-ranging — An altimeter, the indications of which depend 
on the measurement of the time required for a sound wave to travel 
from the aircraft to the earth and back. 

amphibian — An airi)lane designed to rise from and alight on either land or 
water. 

anchor, sea — An open fabric bag carried on an aircraft and arranged to ofTcr 
considerable resistance when towed mouth first through the water. 
Trii)ping or collapsing devices may be incorporated in it. Also called 
“drogueV’ 

anchorage, snatch-block — An anchorage set in the ground for a snatch 
block used with a yaw line from a mooring mast. The anchorage may 
be of concrete or timber and arc usually arranged at e(|ual intervals 
around the circumference of a circle whose center is the mast; may 
also be applied to any anchorage for a snatch block used in hauling 
down an airship or kite balloon. 

anemometer — An instrument for indicating or measuring the speed of an 
air stream. 

aneroid altimeter — See altimeter, aneroid. 

angle, aileron — The angular displactunent of an aileron from its neutral 
position. It is positive when the trailing edge of the aileron is below 
the neutral position. 

angle, critical — An angle of attack at which the flow about an airfoil 
changes abruptly with corresponding abrupt changes in the lift and 
drag. 
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angle, downwash — The angle through which an air stream is deflected by 
any lifting surface of an airplane. It is measured in a plane parallel 
to the plane of symmetry and is denoted by the symbol e. 
angle, drift — The horizontal angle between the longitudinal axis of an air- 
craft and its path relative to the ground, 
angle, effective helix — The angle of the helix described by a particular point 
on a propeller blade as the airplane moves forward through air other- 
wise undisturbed. It is eciual to the angle Avhose tangent is the ratio 
of the velocity of flight to the product of the four ([uantitics : 2 tt, r (the 
distance from the axis to the point in question) and n (the number 
of revolutions per second), i.e., 



angle, elevator — The angular displacement of the elevator from its neutral 
position. It is ])ositive when the trailing edge of the elevator is below" 
the neutral position. 

angle, landing — The acute angle betw'ecn the line of thrust of an airplane 
and the horizontal when the air])lane is resting on level ground in its 
natural position. Also called ‘‘ground angle.^^ 
angle, longitudinal dihedral — The dilTerence in angle of wing setting and of 
stabilizer setting. (This angle is positive when the angle of stabilizer 
setting, referred to the tlirust line, is less than the angle of wing set- 
ting.) 

angle, minimum gliding — The acute angle betw^een the horizontal and the 
most nearly horizontal path along -which an airplane can descend 
steadily in still air wdion the propeller is giving no thrust, 
angle of attack — The acute angle betw^een the chord of an airfoil and its 
direction of motion relative to the air. (This definition may be ex- 
tended to other bodies than airfoils.) Its symbol is a. 
angle of incidence of wing — See anc.le ok whng setting. 
angle of pitch — The acute angle between two planes defined as follows: 
One ])lane includes the lateral axis of the aircraft and the direction of 
the relative wind ; the other plane includes the lateral axis and the longi- 
tudinal axis. (In normal flight the angle of jiitch is, then, the angle 
between the longitudinal axis and the direction of the relative wind.) 
This angle is denoted by 0 and is positive Avhen the nose of the aircraft 
has risen. 

angle of roll, or angle of bank — The acute angle through which an aircraft 
must be rotated about its longitudinal axis in order to bring its lateral 
axis into a horizontal jilanc. This angle is denoted ()y$ and is positive 
when the left wing is higher than the right, 
angle of stabilizer setting — The acute angle between the line of thrust oi 
an airplane and the chord of the stabilizer, 
angle of wing setting — The acute angle between the ])lane of wing chord 
and the line of thrust. It may diflTer for each wing. 
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angle of yaw — The acute angle between the direction of the relative wind 
and the plane of symmetry of an aircraft. ThivS angle is denoted by^ 
and is positive when the aircraft has turned to the right, 
angle, propeller-blade — The acute angle between the chord of a propeller 
section and a plane perpendicular to the axis of rotation of the pro- 
peller. Usually called ‘*blade angle.'' 

angle, rudder — The acute angle between the rudder and the plane of sym- 
metry of the aircraft. It is positive when the trailing edge has moved 
to the left with reference to the normal position of the pilot, 
angle, wing-dihedral or dihedral — The acute angle between the transverse 
reference line in the wing surface and the lateral axis of the airplane 
projected on a plane perpendicular to the longitudinal axis. The di- 
hedral angle is positive when the upper obtuse angle for the two wings 
is less than 180 degrees. 

angle, zero-lift — The angle of attack of an airfoil when its lift is zero, 
anti-flutter wire — See wire (airship), anti-flutter. 

apparatus, water-recovery — Apparatus carried on an airship for condens- 
ing and recovering the water contained in the exhaust gases of internal 
coml)ustion engines in order to avoid the necessity of valving gas as 
the fuel is consumed. 

appendix — The tube, usually located at the bottom of a balloon, primarily 
used for inflation and deflation. In the case of a free balloon it may 
also serve as an automatic-discharge opening. 

Originally applied to free balloons only. Should be restricted to 
the various types of balloons and not applied to airships, 
appendix manhole — See manhole, appendix. 

apron — A hard surface area of considerable extent immediately in front of 
the entrance to a hangar or aircraft shelter which is used for the 
handling of aircraft or for repair in clear weather, 
aspect ratio — The ratio of span to mean chord of an airfoil ; i.e., the ratio 
of the square of the maximum span to the total area of an airfoil, 
aspect ratio of propeller blade — Half the ratio of propeller diameter to 
maximum blade width. 

attitude — The position of an aircraft as determined by the inclination of its 
axes to some frame of reference. If not otherwise specified, this frame 
of reference is fixed to the earth, 
automatic valve — See valve, automatic. 
aviation — The art of operating heavicr-than-air craft, 
axes of an aircraft — Three fixed lines of reference, usually centroidal and 
mutually perpendicular. The longitudinal axis in the plane of sym- 
metry, usually parallel to the axis of the propeller, is called the longi- 
tudinal axis ; the axis perpendicular to this in the plane of symmetry is 
called the normal axis; and the third axis perpendicular to the other 
two is called the lateral axis. In mathematical discussions, the first of 
these axes, drawn from front to rear, is called the X axis; the second, 
drawn upward, the Z axis; and the third, running from right to left, 
the Y axis. 

axial cable — See cable, axial. 
axial cone — See cone, axial. 
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B 

bag, gas—See hull (airship), and cell, gas, which are to he preferred, ao 
cording to the type and use. 

balanced surface — A control surface which extends on both sides of the axis 
of the hinge or pivot in such a manner as to reduce the moment of the 
air forces about the hinge. 

ballast — Any substance, usually sand or water, carried in a balloon or air- 
ship and intended to be thrown out, if necessary, for the purpose of 
reducing the load carried and thus altering the aerostatic relations, 
ballonet — A compartment of variable volume constructed of fabric, or par- 
titioned off, within the interior of a balloon or airship. It is usually 
partially inflated with air, under the control of valves, from a blower 
or from an air scoop. By the blowing in or letting out of air, it serves 
to compensate for changes of volume in the gas contained in the en- 
velope and to maintain the gas pressure, thus preventing deformation 
or structural failure. By means of two or more ballonets, often used 
in non-rigid airships, the trim can also be controlled. The ballonet 
should not be confused with gas cell, 
ballonet diaphragm — See diapiira(;m, ballonet. 
ballonet-fullness indicator — See indicator, ballon et-fullness. 
balloon — An aerostat without a propelling system, 
barrage — A small captive balloon, used to support wires or nets which 
are intended as a protection against attacks by aircraft, 
captive — A balloon restrained from free flight by means of a cable at- 
taching it to the earth. 

constant pressure* — A supply balloon arranged to maintain a constant 
pressure of gas in a moored or docked aerostat, 
free — A balloon, usually spherical, whose ascent and descent may be con- 
trolled by use of ballast or with a loss of the contained gas, and whose 
direction of flight is determined by the wind, 
kite — An elongated form of captive balloon, fitted with lobes to keep it 
headed into the wind and usually deriving increased lift due to its 
axis being inclined to the wind. 

nurse* — Sometimes used to refer to a constant-]»ressure balloon, 
observation — A captive balloon used to provide an elevated observation 
post. 

pilot*— A small balloon sent up to show the direction and speed of the 
wind. 

propaganda — A small free balloon sent up without passengers but with 
a device by which papers or documents may be dropped at intervals, 
sounding* — A small balloon sent up without passengers but with record- 
ing meteorological instruments. 

supply* — A container made of heavy fabric employed as a portable means 
of storing gas at low pressure. It is usually too heavy rise, even if 
free. 


* Those forms of balloons marked with an asterisk (*) are not, strictly speaking, 
aircraft. 
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triangulation* — A small captive balloon used as a mark on which to sight 
in a triangulation survey. 

balloon bed — A mooring place on the ground for a captive balloon, 
balloon fabric — Sec fabric, balloon. 

band : 

drip — See flap, j)kjp. 

mooring — A l)and of tape or webbing, over the top of a kite balloon, to 
which the mooring ropes arc attached. It forms part of a mooring 
harness. 

suspension — A horizontal fabric band, securely fastened to the envelope 
of a balloon or airshij), and to Avhich are attached the main suspensions 
of the basket or car, or the cai)tive cable of a kite balloon. 

trajectory — A band of webbing carried in a s])ecial curve over the sur- 
face of the enveloi)e of an airshi]) to distribute the stresses due to the 
siispensioil of the car. 

bank — To incline an airj)lanc laterally, i.c., to rotate it about its longitudinal 
axis. Right-bank is to incline the airj^lanc with the right wing down. 

Also used as a noun to describe the position of an airplane when 
its lateral axis is inclined to the horizontal, 
bank, angle of — Sec anoi.f. of roll. 

barograph — An instrument for recording the l)aroinetric or static pressure 
of the atmosi)here. 

barrage balloon — See balloon, barraoe. 
barrel-type engine — Sec encune, barrel-type. 

bar, suspension — A bar to which the sup])orting ropes of the basket of a 
balloon are secured. It is also fitted with r()])cs and toggles for at- 
taching to the basket susjicnsions from the balloon. Also called 
'Hra])ezc bar.’’ 
basic load — See load, basic. 

basket — The structure suspended beneath a balloon, for carrying passen- 
gers, ballast, etc. 

It is usually used on a free or kite balloon, 
batonet — A special form of toggle, usually (juitc slender and truly cylin- 
drical, cxce])t for the groove, and used to attach the rigging of a bal- 
loon or airship to a fabric loop or suspension band on the cnveloi)e. 
bay (body parts) — The portion of a face of a truss, or of a fuselage, be- 
tween adjacent bulkheads or adjacent struts or frame positions, 
biplane — An airplane with two main supporting surfaces placed one above 
the other. 

blade back — The side of a propeller blade which corresponds to the upper 
surface of an airfoil. 

blade face — The surface of a propeller blade which corresponds to the 
lower surface of an airfoil. Smnctiines called “thrust face,” or “driv- 
ing face.'' 

blade-width ratio — The ratio of the developed width of a propeller blade 
at any point to the circumference of a circle whose radius is the dis- 
tance of that point from the propeller axis, 
blimp— A small non-rigid airship. “Airship” is to be preferred. 
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body — The fuselage or hull, or nacelle (including cowling and covering) 
and nacelle mounting. 
bonnet-^See rood, valve. 
bow cap — See cap, bow. 

bow-heavy — The condition of an airvship which, when at rest in still air, 
trims with its axis inclined down by the bow. The term '‘bow-heavy’' 
is preferred to "nose-heavy" in describing airships, 
bow-steadying line — See line, yaw. 
bow stiffener — See stiffener, bow. 
box girder — See girder, box. 

brake mean-effective pressure — The net unit pressure which, if applied dur- 
ing the power strokes to the ])islons (d an engine having no mechanical 
losses, would produce the given brake horsejiower at the stated siieed. 
breathing — The jiassage of air into or out of an aerostat, due to the chang- 
ing of its volume. 

breathing stresses — See stresses, breatiiincl 

bridle — A sling of cordage or wire which has its ends fixecl at two different 
points, to the bight of which a single line may be attached, either mov- 
able or fixed, thus distributing the ]>ull of the single line to two ])oints 
or more in the case of a multiple bridle. This term is also used to refer 
to a towing or mooring line having two legs and intended to reduce 
yawing when towing or mooring, 
building cradle — See cradle, building. 
bullseye — A circular thimble. 

buoyancy — The upward air force on an aerostat which is derived from aero 
.static conditions. It is ecjiial to the a\ eight (d the air (lis])laccd. 
buoyancy, center of (aerostat) — The center of gra\ity of the volume of the 
contained gas. 


C 

cabane — A framework for supporting the Avings at the fuselage; also ap- 
plied to the system of trussing used to su])i)()rt overhang in a Aving. 
cable, axial — The axial member (usually steel Avire cable) sometimes fitted 
in a rigid airship. It is attached to the central fitting of the radial or 
diametral Avires of each main transverse and to the hull structure at 
boAV and stern. Its ])iiri)use is to ^irovide support for the radial or 
diametral Avires in an axial direction and thus assist them to sustain 
the load which might be caused by unequal ])rcssurc in adjacent cells 
or by the airship being i)itchcd to a large angle, 
camber — The rise in the curve of an airfoil sectitni from its chord, usually 
ex])ressed as the ratio of the dc]nirture td the curve from the chord to 
the length of the chord. "Upi^er camber" refers to the iqiper surface 
of an airfoil and "loAver camber" to the loAver surface; "mean camber" 
is the mean of these tAvo. 

capacity — The volume of the gas-containing ])ortion of an aerostat, 
capacity, nominal gas — The volume of the eiiA^elope of gas cells of an aero- 
stat under certain conditions of pressure and inflation Avhich have 
been defined. It is rarely the same as the true full volume. This is 
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usually very difficult to determine accurately, especially in the case 
of rigid airships. Sometimes called %olume.” 
cap, bow — (1) A cai) of metal or fabric used to reinforce the extreme for- 
ward ends of the bow stiffeners of a non-rigid or semi-rigid airship. 

(2) The conical or cap-shaped structure at the extreme bow of a 
rigid airship to which the longitudinal girders are attached and which 
supports the bow mooring spindle, 
cap, nose — See cap, bow, wliich is to be preferred, 
captive balloon — See balloon, captivk. 

car — That portion of an airship which is intended to carry power unit or 
units, personnel, cargo, or equipment. It may be suspended from the 
buoyant portion, or it may be built close up against it. It is not to be 
applied to parts of the keel of a rigid or semi-rigid airship which have 
been fitted for the purposes mentioned, 
car, control — The car of an airship in which controls are centralized and 
from which it is operated. 

carrier, fin — A frame to which the inboard edge of the fin of a non-rigid or 
semi-rigid airship is attached, so as to prevent tlic edge of the fin from 
sinking into the envelope, 
car, side — See car, wing. 

car, wing — A car suspended off the center line of an airship. It is also 
called '"side car.*' 

catenary — A line or length of cordage which is secured to or in a piece of 
fabric in the form of a catenary curve or a series of such curves. 

ceiling ; 

absolute — ^The maximum height above sea level at which a given air- 
plane would be able to maintain horizontal flight, assuming standard 
air conditions. 

service — The height alcove sea level, assuming standard air conditions, 
at whicli a given airplane ceases to be able to rise at a rate higher than 
a small specified one (100 feet per minute in the United States and 
England). This specified rate may be different in different countries, 
ceiling, static — The altitude in standard atmosphere, at which an aerostat 
is in static equilibrium after removal of all dischargeable weights, 
cell, gas — One of the gas-containing units fitted in a rigid airship. .Some- 
times called *'gas bag.'’ 

center of buoyancy — See buoyancy, center of (aerostat). 
center of pressure coefficient — The ratio of the distance of the center of 
pressure from the leading edge to the chord length, 
center of pressure of an airfoil section — The point in the chord of an airfoil 
section, prolonged if necessary, which is at the intersection of the chord 
and the line of action of the resultant air force. Its abbreviation is 
C P. 

chafing patch — See patch, cttafing. 
channel patch — See patch, channel. 

chord (of an airfoil section) — The line of a straight edge brought into con- 
tact with the lower surface of the section at two points ; in the case of 
an airfoil having double convex camber, the .straight line joining the 
leading and trailing edges. (These edges may be defined, for this pur- 
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pose, as the two points in the section which are farthest Tlie 

line joining the leading and trailing edges should be used afeg in those 
cases in which the lower surface is convex except for a short flat por- 
tion. ^ 

The method used for determining the chord should always be ex- 
plicitly stated for those sections with regard to which ambiguity seems 
likely to arise. 

chord length — The length of the projection of the airfoil section on its 
chord. Its symbol is c. 

chord, mean, of a combination of wings — The ratio — 

CiSj + C^,Sm + + 

Si + So + S.J -f* 

where Co, c.j, etc., are the mean chords of various wings, and Si* S 2 , 
S.^, etc., are their areas. 

chord, mean of a wing — The quotient obtained by dividing the wing area 
by the extreme dimension of the wing projection at right angles to the 
chord. 

chord wire — See wikr (AiRsitip), chord. 

climb, rate of — See rate of climr. 

climbing shaft — Sec shaft, climhini;. 

cloth — Fabric delivered by the bleachery or finisher before it has been 
proofed, doped, or s])ecially treated for aeronautic use. 

cloth, ground — Canvas placed beneath an aerostat for its protection during 
inflation and deflation. 

cockpit — The open spaces in which the pilot and j^assengers are accom- 
modated. When the cock])it is com])lctejy housed in it is called a 
cabin. 

compartment, control — A compartment in the control car of an airship 
from which all controls are operated. It may be compared to the j^ilot 
house of a ship. 

compass, induction — A compass, the indications of which depend on the 
current generated in a coil revolving in the earth's magnetic field. 

concentration ring — See ring, concentration. 

condenser, water-recovery — That part of the water-recovery apparatus 
which is devoted to the condensing of water in the exhaust gases. It 
may consist of a number of metal tubes or of a fabric box with appro- 
priate inlets, outlets, and baffles. 

cone, axial — The cone-shaped fabric, fitting in the end of a gas cell of a 
rigid airship, which provides a gas-tight connection of the cell to the 
axial cable and yet permits the cell some degree^ of freedom in its 
movements. A special form of conical sleeve. (Fig. 4.) 

cone, danger — A pennant on the wire cable of a captive balloon to warn 
aircraft of its presence. Usually a hollow cone of light cloth. 

cone, mooring — The grooved conical member at the extreme how of an air. 
ship wdiich engages with a hollow cone at the top of the mooring mast 
and provides the coupling between the airship and the mooring mast. 
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conical sleeve — See slkeve, conical. 

container, gas — See cell, gas, which is to he preferred. 

control car — See car, controi.. 

control compartment — See compartment, control. 

controllability — The quality in an airplane Avhich makes it possible for the 
pilot to change its attitude easily and with the exertion of but little 
force. 

control lines — See lines, control. 

controls — A general term a])])lied to the means provided tt) enable the pilot 
to control the speed, direction of flight, attitude, and power of an air- 
craft. 

air controls — The means etiiploycd to oi)erate the control surfaces of the 
aircraft. 

engine controls — ddie means empkjyed to control the ])owcr output of the 
engines. (Control of speed may be effectcfl by the air controls or the 
engine controls indei)cndently, or by either in conjunction with the 
other.) 

control stick — The vertical level by means of which the longitudinal and 
lateral controls of an airplane are t>])crate(l. Pitching is controlled by 
a fore-and-aft movement of the stick, rolling by a side-to-side move- 
ment. 

control surface — See surface, control. 

cord grommet — See grommet. 

cord netting — See net, gas cell (rkud airship). 

cord, rip — The rope running from the rip panel to the car or basket, the 
pulling of which tears olT or ri])s the rij) ])anel and causes immediate 
deflation. 

cover, outer — The outside co\ ering of the hull of a rigid airship, usually of 
some kind of fabric. Sometimes called the “envelope.” 
cover, valve — See uood, valve. 

cowling — A rcmovahle covering which extends oven* or around the engine, 
and sometimes over a portion of the fuselage or nacelle as well. 

cradle : 

building — A su])]K>rt ])r()vided for the frame of a rigid airshij) or the keel 
of a semi-rigid airship during constructicni. 

docking-’-A sii])])ort for tlie car of an airship Avhile it is being iiiHatcd in 
the shed. Mostly used with rigid airshi])s. 
crew, ground — See crew, i.andin(l 

crew, landing — A detail of men necessary for the landing and handling of 
an airship on the ground. A “ground crew.” 
critical angle — See angle, critical. 
critical speed — See speed, critical. 
cross-country flight — See flkhit, cro.ss-country. 
cross-wind force — See force, cross-wind. 

crow's-foot- -A system of diverging short ro])CS for distributing the pull of 
a single rope. 

An arrangement in wdiich the strands of a cord arc ojiencd out so 
that they can be effectively cemented to a fabric surface, 
cruciform girder — See (URDer, crucieorm. 
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damping factor — The factor e — in the equation of damped harmonic mo- 
tion. 

s = Ae — Xt sin pt. 
danger cone — See cone, danger. 

dead load — See weight, empty, which is to he preferred, 
decalage — The acute angle between the wing chords of a biplane or multi- 
plane. (Fig. 400.) 

deflation — ^The act of removing gas and air from an aerostat, 
deflation sleeve — See st.eeve, deft.atfon, 
diametral wire — See wire (atrsiiii*), diametrical. 

diaphragm, ballonet — The fabric ])artilion between Ihe gas and air com- 
partments of the envelo]ie of a non-rigid or semi-rigid airshi]) or kite 
balloon. 

dihedral angle — See angi.e, wing-dihedral. 

dirigible — That can be directed; steerable; as a dirigible balloon. Its use 
as a noun to indicate an airship is iniproj)cr. 
dischargeable weight — Sec wkkjtit, DisriiARc.EARLE. 

displacement — The mass of air displaced hy the gas used for inflation. It 
may be expressed as a weight or volume. In the latter case it is usually 
called '‘volume.” 

displacement, aerodynamic volume of air volume — The weight of a mas.s of 
air equal to the aerodynamic volume of the airshij) in N. A. C. A. 
standard atmosphere at sea levc^l. 
disposable weight — See weight, disposable (airship). 
dive — A steep descent, with or wichont ]K)wer, in which the air s])eed is 
greater than the maximum sjieed in horizontal flight, 
divergence — A motion in which, after a distnrl)ance from ecjuilibrium, the 
body dci)arts continuously, without oscillations, from its original state 
of motion. 

dock — A term sometimes apj)lied to an airship shed, 
docking cradle — See (Radle, docking. 
docking rail — vSee rail, doc king. 
docking trolley — See trolley, docktncl 

dope (airplane) — The licpiid material applied to the cloth surfaces of air- 
])lanes to increase strength, to ])roduce lantncss ))\’ shrinking, and to 
act as a filler for maintaining air-tightness, 
dope (airship) — The liquid material a])plied to rubberized airshi]:) fabric to 
increase gas-tightness. In contrast with airjdane dope, it docs not cause 
shrinking. 

dope (pigmented) — An aircraft dope to which a ])igment has been added 
to make an opatjue finish, or to protect it from thg elTects of sunlight, 
downwash angle — Sec angle, down wash. 

drag — The component parallel to the relative wind of the total air force on 
an aircraft or airfoil. Its svmbol is 1). 

D 

The "ahsolute drag coefficiViif' is Cj, as defined hy ihe equation Ci, ~ — , 

qS 
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in which D is the drag, q is the impact pressure p V^) and S is 

the effective area of the surface upon which the air force acts. 

In the case of an airplane, that part of the drag due to the wings is 
called "'wing drag”; that due to the rest of the airplane is called ""struc- 
tural drag” or ""parasite resistance.” 

induced — That portion of the wing drag induced by, or resulting from, 
the generation of the lift. 

profile — That portion of the wing drag which is due to friction and tur- 
bulence in the fluid and which would be al)scnt in a non-viscous fluid, 
drag, mooring — A niova1)le and/or variable weight, suspended from the 
after part of an airship’s structure while moored at a mast, to aid in 
restraining the vertical and lateral motions of the stern of the airship, 
drag rope — See rope, drag. 
drag strut — See strut, drag. 

drift — The lateral velocity of an aircraft due to air currents, 
drift angle — See ancjle, drift. 

drift bar — A pari of a drift meter or other instrument for indicating the ap- 
parent direction of motion of the ground relative to the fore-and-aft 
axis of the aircraft. It usually consists of a wire or arm which can be 
set along this direction of motion. Cf. drift, 
drift meter — An instrument for measuring the angle between the fore-and- 
aft axis of an aircraft and its path over the ground. One form consist-s 
of a drift bar provided with a suital)le angular scale. (Cf. drift.) The 
instrument is graduated to read correctly when it is level, 
drip band — See flap, drip. 
drip flap — See flap, drip. 
drip strip — See flap, drip. 

D — ring — A ring having (as the name implies) the shape of a capital D, 
to which rope suspensions are attached, 
drogue — See anchor, sea. 

dry weight of an engine — See engine, dry weight of. 
duralumin — An alloy of aluminum which is much used in aeronautics, espe- 
cially for the structure of airships and airplanes. Its chemical composi- 
tion and physical i)roperties arc about as follows: 

Coj>per, 3.5 to 4.5 per cent. 

Manganese, 0.4 to 1 per cent. 

Magnesium, 0.2 to 0.75 per cent. 

Aluminum, 92 per cent, minimum. 

Tensile strength, ultimate, 55.000 pounds ])cr square inch. 

Tensile strength at elastic limit, 30,(XX) pounds per s((uare inch, 

Elongation of 2 inches at ultimate strength (test specimen inch 
wide), 18 per cent. 

Specific gravity not more than 2.85. 

dynamic factor — The ratio between the load carried by any part of an air- 
craft when accelerating and the corresponding basic load, 
dynamic lift — See lift, dynamic. 
dynamic load — See load, dynamic. 

dynamic (or impact) pressure — The product p B-, where p is the density 
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of the air and V is the relative speed of the air. It is the quantity 
measured by most air-speed instruments. Symbol is q, 
dynamic trim — See trim, dynamic 


E 

‘economic speed — See speed, economic 

effective helix angle — See angle, effective helix. 

effective thrust — Sec thrust, effective. 

elevator — A movable auxiliary airfoil, the function of which is to impress 
a pitching moment on the aircraft. The elevator is usually hinged to 
the stabilizer. 

elevator angle — See angle, elevator. 

endurance — The maximum length of time an aircraft can remain in the air 
at a given speed and altitude. 

engine altimeter — See altimeter, engine. 

engine, barrel-type — An engine having its cylinders arranged equidistant 
from and parallel to the main shaft. 


Upper Wing Span— 


^Dixk of 



)< Lo¥^er Wing Span ^ 


Fig. 398. — Diagram Showing Entering Edge, Span, Disc Area of Propeller, etc. 

engine controls — See controls. 

engine, dry weight of an — The weight of the engine, including carburetor 
and ignition systems complete, propeller hub assembly, reduction 
gears, if any, but excluding exhau.st manifolds, oil, and water. If the 
starter is built into the engine as an integral part of the structure its 
weight shall be included. 

engine, inverted — An engine having its cylinders below the crankshaft. 

engine, left-hand — An engine whose propeller shaft, to an oliserver facing 
the propeller from the anti-propeller end of the shaft, rotates in a 
counterclockwise direction. 

engine, radial — An engine having stationary cylinders arranged radially 
around a common crankshaft. 

engine, right-hand — An engine whose pr()j)eller shaft, to an observer fac- 
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ing the propeller from the anti“i)ropeller end of the shaft, rotates in a ' 
clockwise direction. 

engine, rotary — An engine having revolving cylinders arranged radially 
around a common fixed crankshaft. 

engine, supercharged — An engine with mechanical means for increasing 
the cylinder charge beyond that normally taken in at the existing at- 
mospheric ]:)ressure and temperature. 

engine, vertical — An engine having its cylinders arranged vertically above 
the crankshaft. 

engine, V-type — An engine having its cylinders arranged in two rows, 
forming, in the end view, the letter 

engine, W-type — An engine having its cylinders arranged in three rows, 
forming, in the end view, the letter “W.’* Sfnnetimcs called Ihe “broad- 
arrow ty])e.’* 

entering edge — See leading edge. 

envelope — The outer covering of an aerostat, usually of fabric. It may or 
may not be also the gas container. It may be divided by diaphragms 
into se])aratc gas com])artnients (»r cells, and it may also contain in- 
ternal air cells or ballonets. 
equipment, ground — See gear, (ikound. 

F 

fabric, balloon — The finished material, usually rubberized, of which balloon 
or airshi]) eiiveloi)es are made. 

biased — Plied fabric in which the threads of the ])li(‘s are at an angle to 
each other. 

parallel — Plied fabric in which the threads of the i)lies arc jiarallel to 
each other. 

fabric, gas-cell — The fabric used in gas cells of rigid airshi]>s, usually gold- 
beater’s skin fabric, q. v. 

fabric, goldbeater’s skin — A gas containing fabric consisting of a layer of 
light, fine, strong cloth, usually cotton, to which one or more layers 
of goldbeater’s skins have been cemented. The skins are on the in- 
side and arc usually further protected by a coat of fine varnish. 
Usually used in the gas cells of rigid airships, 
factor, dynamic — See dynamic factor. 

factor of safety — The ratio of the ultimate strength of a member to the 
maximum jirobable load in that member in actual use. 
fairing — An auxiliary member or structure whose ])rimary function is to 
reduce head resistance or drag of that ])art to which it is fitted (with- 
out, in general, contributing strength), 
fairing wire — Sec wire, I'AiKiNci. 
field-handling frame — See frame, iteld-uandlincl 
filling sleeve — Sec sleeve, itlljng. 

fin — A fixed surface, attached to a ])art of the aircraft, ])arallel to the longi- 
tudinal axis, in order to secure stability; for example, a tail fin, skid fin, 
etc. Fins are sometimes adjustable, 
fin carrier — See carrier, fin. 
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fin girder — See girder, fin. 
finger patch — See patch, finger. 

fire wall — A fire-resistance transverse bulkhead, so set as to isolate the en- 
gine compartment from the other parts of the structure and thus to re- 
duce the risk from fire in the engine compartment, 
fitting — A generic term for any small part used in the structure of an air- 
plane or airship. If without cpialification, a metal part is usually under- 
stood. It may refer to other parts, such as ‘'fabric fittings." 
fixed fuel tank — Sec tank, fixed fuei.. 

fixed power plant weight for a given airplane — See weichit, fixed, power 

PLANT, FOR A GIVEN AIRPLANE. 

fixed surface — .See fi n. 

fixed weight — Sec wek.ht, fixed (airship). 

flap, drip — A strip of fabric attached by one edge to the envelope of an aero- 
stat so that rain runs off its free edge instead of dripping into the 
basket or car. It also assists in keeping the suspension ropes dry and 
non-conducting. Also called "drip band” and "drip stri])." 
flap, pressure — A flap valve fitted in the outer cover or envelope of a rigid 
airship and arranged to permit the rapid flow of air in and out — par- 
ticularly inward. The ])urposc is to facilitate the rapid equalization 
of the pressure of the air within the envelope with that of the surround- 
ing air. 

flight, cross-country — A flight which necessitates leaving the vicinity of a 
regular landing field. 

flight indicator — Sec indicator, elk.iit. ' 

flight path — The ])ath of the center of gravity of an aircraft with reference 
to the earth. 

flight recorder — wSee recorder, flight. 

float — A completely inclosed water-tight structure attached to an aircraft 
in order to give it buoyancy and stability when in contact with the sur- 
face of the water. In float sca])lanes the crew is carried in a fuselage 
or nacelle separate from the float. The term "jiontoon” is now obso- 
lete. 

flotation gear — See (;eae, flotation. 

flying boat — A form of seaplane siii)])orted, when resting on the surfece 
of the water, by a hull or hulls, providing flotation in addition to serv- 
ing as fuselages, l^'or the central hull type, lateral stability is usually 
provided by wing-ti]) floats. The term "boat seaplane” is now obsolete, 
force, cross-wind — The component, ])erpendicular to the lift and to the 
drag, of the total air force on the aircraft or any ])art thereof. Its 
symbol is C and its absolute coefficient is is defined by 

C 

Co=- 

qs 

where q is the impact pressure y2 p V“) and .S is the effective area 
of the surface upon which the air force acts, 
frame, field-handling — A ])ortable frame which may be attached to an air- 
ship when it is on the ground and which is intended to afford a grasp 
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to more men than could get on the handling rails of the cars. These 
frames are rarely carried when in flight, 
framing, stern — All framework, aft of the cruciform girder, necessary to 
complete the shape and contour of a rigid airship, 
free balloon — See balloon, free. 
free-balloon net — See net, free-balloon. 

fuel (or oil) consumption, specific — The weight of fuel (or oil) consumed 
per brake horsepower hour, 
fuel tank, fixed — See tank, fixed fuel. 
full load — See load, full. 

fuselage — The structure, of approximately streamline form, to which are 
attached the wings and tail unit of an airplane. In general it contains 
the power plant, passengers, cargo, etc. 
fuselage, monocoque — A type of fuselage construction wherein the struc- 
ture consists of a thin shell of wood, metal, or other material, sup- 
ported by ribs, frames, belt frames, or bulkheads, but usually without 
longitudinal members other than the shell itself. The whole is so dis- 
posed as to carry the stresses to which the structure is subjected. 

G 

gap — The distance between the planes of the chords of any two adjacent 
wings, measured along a line perpendicular to the chord of the up])er 
wing at any designated point of its leading edge. Its symbol is G. 
gas*bag — See hull (AiRsiiir) and cell, gas. 
gas capacity, nominal — See capacity, nominal gas. 
gas cell — See cell, gas. 
gas-cell alarm — See alarm, gas-cell. 
gas-cell fabric — See fabric, gas-cell. 
gas-cell net — See net, gas-cell (rigid airship). 
gas container — See cell, gas. 
gas shaft — See shaft, gas. 
gas-shaft hood — See hood, gas-shaft. 

gassing — The operation of replenishing a balloon with fresh gas to increase 
the purity or to make up for loss of gas. 
gassing factor — The quantity of aerostatic gas required to maintain an aero- 
stat for one year. It is ordinarily expressed as a ])ercentage of the gas 
volume. 

gas volume — See volume, gas (airship).- 

gear, flotation — An emergency gear attached to a Iand])lane to permit 
alighting on the water and to provide buoyancy when resting on the 
surface of the water. 

gear, ground — The gear, or equipment, necessary ioi' the landing and 
handling of an airship on the ground. 

girder, box — Any girder of rectangular section. Frequently used to refer 
to the rectangular, longitudinal members in the keel of a rigid airship 
from which fuel tanks and gas bags are suspended, 
girder, cruciform — The structure, consisting of vertical and horizontal 
transverse girders, which is fitted at the stern of a rigid airship for the 
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purpose of supporting the inboard ends of the stern posts of the fins 
or the rudder posts. It may be integral with the stern posts which 
form the after ends of the fins. 

girder, fin — ^A girder of a rigid airship which goes to make up the fin. 
girder, propeller reinforcing — A light additional member fitted in the struc- 
ture of a rigid aii|»hip to reinforce those areas of the outer cover which 
are affected by the propeller wash. 

girder, walkway — ^The girder forming the support of a walkway through 
the keel or in other localities in a rigid or semi-rigid airship, 
gland — A short tube fitted to an envelope or gas bag in such a manner that 
a rope or line may slide through without leakage of gas or air. 
gland, manometer-tube — A gland fitted to the envelope of an aerostat to 
form a gas-tight connection for the tube leading to the manometer in 
the car. Same as “pressure-tube gland."' 
gland, pressure-tube — See gland, manometer-tube. 

glide — A descent with reference to the air at a normal angle of attack and 
without engine power sufficient for level flight in still air, the j)ropeller 
thriLst being replaced by a comiionent of gravity along the line of flight. 
Also used as a verb. 



glider — A form of aircraft similar to an airplane, but without a power plant, 
goldbeater’s-skin fabric — See fabric, goldbeater's-skin. 
gondola — The car of an airship. This use of the word is borrowed from 
the Italian via the German. “Car” is to be preferred, 
gore — ^The portion of the envelope of a balloon or airship included between 
two adjacent meridian seams. ' 

grab line — See line, handling. 
grommet — A small ring of cord, 
gross lift (airship) — See lift, gross (airship). 
ground angle — See angle, landing. 
ground cloth — See cloth, ground. 
ground crew — See crew, landing. 
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ground equipment — See gear, ground. 
ground gear — See gear, ground. 
ground speed — See speed, ground. 

ground-speed meter — An instrument for measuring the speed of an aircraft 
relative to the ground. In present types of instruments some refer- 
ence line in the instrument must first be set parallel to the apparent direc- 
tion of motion of the aircraft with reference to the ground before the 
speed measurement is made. This is usually accomplished by the use 
of a drift meter, the adjustment of which automatically orients the 
ground-sjieed meter properly. Thus lioth the magnitude and direc- 
tion of the motion of the aircraft with reference to the ground are ob- 
tained. 

guy, yaw — See t.ine, yaw. 

gyroscopic turn indicator — See indicator, gyroscopic turn. 

H 

handling line — See i.ine, handling. 

hangar — A shelter for housing aircraft. More projierly applied to heavier- 
than-air craft. 

harness, mooring — A system of webbing bands, fitted over the top of the 
envelope of a balloon, to which are attached the mooring rojies. Usu- 
ally found only in kite balloons or observation balloons, 
height, pressure — The altitude at which the gas cells of a rigid airship are 
full, or the gas bag of a non-rigid airship is completely full of gas. 
helicopter — A form of aircraft whose sole sup])()rt in the aii is derived di- 
rectly from the vertical component of the thrust produced by rotating 
airfoils. 

hog — A distortion of an airship in which the longitudinal axis becomes 
convex u])ward so that both ends droop, 
hood, gas-shaft — A hood, or cowl, located on the outer cover of a rigid air- 
shi]) at the outer end of a gas shaft. It is usually made of light wood 
and fabric and is faced to facilitate the esca])e of gas. Sometimes called 
^'exh a u s t-ga s Ik )od . ’ ’ 

In view of the possibility of confusion with the parts of an engine 
exhaust system, it is believed that “gas-shaft hood“ is to be preferred, 
hood, maneuvering-valve — A hood, or cowl, located on the outer cover of 
a rigid airshij) just over a maneuvering valve. It is usually made of 
light wood or fabric and is faced to facilitate the esca])c of gas. 
hood, valve — The appliance, having the form of a hood or parasol which 
protects the valve of an airship or balloon against rain. Also called 
“valve cover” or “bonnet.” 

horn — A short lever attached to a control -sufracc of an aircraft. For ex- 
ample, aileron horn, rudder horn, elevator horn, 
horsepower of an engine, maximum — The maximum horsepower which an 
engine can develop. 

horsepower of an engine, rated — The average horsepower developed by an 
engine of a given type in passing the standard 50-hour endurance test, 
hull (airship) — The main structure of a rigid airship, consisting of a cov- 



STANDARD NOMENCLATURE 


807 


ered elongated framework which incloses the gas cells and supports the 
cars and equipment. May also be applied to the complete buoyant 
unit of any aerostat. In this latter sense sometimes called “gas bag.” 
hull (seaplane) — The portion of a flying boat which furnishes buoyancy 
when in contact with the surface of the water. It contains accommoda- 
tions for the crew and passengers, usually incorporating the functions 
of a float and fuselage in one unit. 

I 

impact pressure — See dynamic (or imtact) rRESSURE. 
iclinometer — An instrument fur indicating the attitude of an aircraft. In- 
clinometers are termed fore-and-aft, lateral, or universal, according as 
they indicate inclination on the vertical plane through the fore-and- 
aft axis, or in the vertical plane through the lateral axis, or in both 
planes, respectively. 

inclinometer, absolute — An instrument which indicates the attitude of an 
aircraft with reference to the vertical. The indications of instruments 
of this type usually depend on gyroscopic action. 



Fig. 400. — Diagram Illustrating Definitions of Decalage and Other Terms. 

inclinometer, relative — An instrument which indicates the attitude of an 
aircraft with reference to ajiparent gravity, i.e., to the resultant of the 
acceleration of the aircraft and that due to gravity. 

indicator, air-speed — Sec AJR-.sri:ED meter. 

indicator, balloonet-fullness — An instrument for indicating the volume of 
air in a ballonet. 

indicator, flight — An instrument in which a lateral inclinometer, a fore-and- 
aft inclinometer, and a turn indicator are combined to form a compact unit. 
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indicator, gyroscopic turn — ^A turn indicator dependent on gyroscopic ac- 
tion. 

indicator, pitch — ^An instrument for indicating the existence of a pitching 
velocity of an aircraft. Cf. turn indicator, 
indicator, static turn — ^A turn indicator actuated by the difference in pres- 
sure between static tubes mounted near the wing tips equidistant from 
the plane of symmetry, and in a plane parallel to the lateral axis, 
indicator, turn — ^An instrument for indicating the existence of an angular 
velocity of turn of an aircraft about the normal axis. In horizontal 
flight it indicates the presence of a yawing velocity. ‘Turn meter” is 
the term applied to certain types. 

indraft (inflow) — The flow of air from in front of the propeller into the 
blades. 

induced drag— See drag, induced. 

induction compass — See compass, inductfon. 

inflation — The act of filling a balloon or airship with gas. 

inflation manifold — See manifold, inflation, 

inflation net — See net, inflation. 

inflation sleeve — See sleeve, inflation. 

inflation tube — See tube, inflation. 

inflow — See indraft. 

inspection window — See window, inspection. 
intermediate longitudinal — See longitudinai., intermediate. 
intermediate transverse — See transverse, intermediate. 
inverted engine — See engine, inverted. 

j 

jackstay — A longitudinal rigging provided to maintain the correct distance 
between various parts on fittings on an aerostat. 

K 

keel (airship) — The assembly of members at the l^ottom of the hull of a 
semi-rigid or rigid airship which provides s])ecial strength to resist 
hogging and sagging and also serves to distribute the effect of con- 
centrated loads along the hull. It may be a simple Gall’s chain, as in 
some semi-rigids, or a very extensive structure inclosing the corridor, 
as in most rigids. 

king-post — The main compression member of a trussing system applied to 
support a single member subject to liending. 
kite — ^An aircraft heavier than air, restrained by a low-line and sustained 
by the relative wind, 
kite balloon — See balloon, kite. 

kymograph— -An instrument for recording the angular oscillations of an 
aircraft in flight with respect to axes fixed in s])ace. The reference di- 
rection is usually given by a gyroscope or a beam of sunlight. ^ 

L 

lannnated wood — See wood, laminated. 
landing angle — See angle, landing. 
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landing crew — See crew, landing. 

landing field — A field of such a size and nature as to permit of aircraft land- 
ing and taking off in safety. It may or may not l)e part of an airport, 
landing field, emergency — A locality, either of water or land, which is 
adapted for the landing and taking off of aircraft, but which is not 
equipped with facilities for shelter, supply, and repair of aircraft and 
is not used regularly for the receipt or discharge of passengers or cargo 
by air. 

landing gear — The understructure which supports the weight of an air- 
craft when in contact with the surface of the land or water and reduces 
the shock of landing. There are five common types — boat type, float 
type, skid type, and ski type. (Figs. 1, 6, 9, 10, and 14.) (Amphibian 
may be a combination of the float or boat type with wheels or skis.) 
landing speed — See speed, landing. 

landing T — A large symliol shaped like a capital T which is laid out on a 
landing field or on the top of a building to guide operators of aircraft 
in landing and taking off. 
landing wire — See wire, landing. 

landplane — An airplane designed to rise from and alight on the land. (Figs. 
1, 6, and 14.) 

leading edge — The foremost edge of an airfoil or pro])cller blade. Also 
called ‘'entering edge.’’ 

leak detector — An instrument which detects the presence of hydrogen and 
other light gases in the air, and which can be adapted to find leaks in 
a container inflated with such a gas. 
left-hand engine — See engine, left-hand. 

left side (engine) — That side which, to an observer looking from the anti- 
propeller end toward the propeller end, lies on the left-hand side, 
lift — That component of the total air force on an aircraft or airfoil which 
is perpendicular to the relative wind and in the i)lane of vsymmetry. It 
must l)e specified whether this applies to a complete aircraft or to parts 
thereof. In the case of an airship, this is often called “dynamic yft." 
Its symbol is L. 

The “absolute lift coefficient” is as defined by the equation 

L 

q = - 

qS 

in which L is the lift, q is the impact pressure (== P V“) and S is 
the effective area of the surface u])on which the air force acts, 
lift (of a gas) — The difference of density of air and the gas. Both sup- 
posed to be under the same conditions of pressure, temperature, etc. 
lift, dynamic — The lift imiiressed on an aerostat by aerodynamic forces, 
lift, gross (airship) — The lift obtained from a volume of buoyant gas equal 
to the nominal gas capacity of the aircraft. Obtained by multiplying 
the nominal gas capacity by the lift per unit volume of the gas used 
for inflation. 

lift, static (aerostat) — The resultant upward force on an aerostat at rest 
obtained by multiplying the actual volume of the air displaced by the 
density of the air and subtracting the weight of the contained gas. 
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(The volume of the air displaced, multiplied by the difference of den- 
sity of the air and the contained gas.) 
lift, useful (airship) — The lift available for carrying fuel, and oil, passen- 
gers, cargo, food, and drinking water, guns, ammunition, and bombs. 
Usually determined by deducting from the gross lift all fixed weights; 
certain allowances of ballast, fuel, and oil; water; spares and tools; 
crew and equipment. No standard has as yet been established, 
lift wire — See wire, lift. 
line, bow-steadying — See line, yaw. 
line, grab — See line, ttanduno, and rope, drao. 

line, handling — A line 'attached along the side of an airship for use in 
maneuvering near and on the ground. wSometimes called *^grab line.” 
line, main hauling — Same as main moouino line. 

line, main mooring — The line dropi^ed from the bow of an airship to be 
cou])led to the mast main mooring line, 
line, mast bow-steadying — See line, mast yaw. 
line, mast main hauling — Same as mast main moorino line. 
line, mast main mooring — A line led from the main winch of a mooring 
mast through the mooring attachment at the top of the mast and 
carried out to a point on the ground well to leeward of the mast. 
The airship’s main mooring line is attached to this line and the airship 
is hauled to the mast by means of the joined lines. Sometimes called 
^'ground wire” — ]^>ritish. 

line, mast yaw — One of the lines led from a winch at the base of the moor- 
ing mast through snatch blocks and carried out to leeward of the mast. 
The airship’s yaw lines are attached to these lines. The snatch blocks 
are fixed to anchorages selected so that the joined lines tend to kee]) 
the airship into the wind and prevent her overriding the mast. These 
lines arc also sometimes called ‘hnast yaw guys” or “mas+ bow-steady- 
ing lines.” 

line, mooring — A line attached near the bow of an airshi]') for securing it to 
,the ground or to a mooring mast, 
line, nose-steadying — See line, yaw, which is to he preferred, 
line, sandbag — A rope extending along the line of sus])ension ropes or 
bridles of a kite balloon to which are hooked the samlbags used in moor- 
ing the balloon. The purpose is to prevent wear on the suspension 
cordage. 

lines, control — The lines of wire and/or stranded cable leading from the 
control car or compartment to the various parts of an airship and oper- 
ating (either through mechanisms of directly) the rudders, valves, etc., 
which control the speed, altitude, etc., of the airship, 
line, suspension — A line either of cordage or metal, which supports the 
weight attached to the envelope of a balloon or airship, 
line, yaw — A line dropped from the bow of an airship, when mooring to the 
mast, to act as a steadying line to prevent yawing and overriding the 
mast. Also called *1>ow-steadying line” or '‘yaw guy.” (“Side guy 
wire” — British.) 
load: 

dead — See weiottt, empty. 
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full — ^Weight empty plus useful load. Also called “gross weight.*’ 
pay — That part of the useful load from which revenue is derived, viz., 
passengers and freight. 

useful — The crew and passengers, oil, and fuel, l)allast other than emer- 
gency, ordnance, and portable equipment, 
load, basic — The load on an aircraft when it is at rest or in a condition of 
unacccleratcd recti-linear flight. (For purposes of stress analysis.) 
load, dynamic — Any load due to accelerations of an aircraft, and therefore 
proportional to its mass. 

load factor — The ratio of any specified load on a member to the correspond- 
ing basic load. Generally applied to the ratio of the breaking load to a 
basic load. 

load ring — See ring, concentration. 

loading, power — The gross weight of an airjdane, fully loaded, divided by 
the normal brake horsepower of the engine computed for air of standard 
density unless otherwise stated. 

loading, wing — The gross weight of an airplane, fully loaded, divided by 
the area of the supporting surface. The area used in computing the 
wing loading should include ailerons, but not the stabilizer and ele- 
vators. 

lobe — An air or gas inflated bag fitted at the stern of a kite balloon and act- 
ing as a fin or stabilizer to give it aerodynamic stability, 
logarithmic decrement — The natural logarithm of the ratio of two succes- 
sive ami)litudes in a dami)ed harmonic motion. Tt is equal to the ])rod- 
uct AT, where A is the coefficient ap])earing in the (lam])ing factor of 
damped harmonic motion and T is the period of the motion, 
longeron — A fore-and-aft member of the framing of an airplane fuselage or 
nacelle, usually continuous across a number of points of support, 
longitudinal dihedral angle — Sec anc,\.k i.oncjtitdinal oihedral. 
longitudinal, intermediate — An intermediate longitudinal strength mem- 
ber of a rigid airship, Avhich lies between two adjacent main longi- 
tudinals and is generally of lighter weight and/or smaller dimension 
than the main longitudinals. 

longitudinal, main — A main longitudinal strength member, of a rigid air- 
ship, which connects the various transverse frames, 
loop, mooring — See Looi*, sandbac;. 

loop, safety — A looj) formed in a rip cord and attached to a securing patch 
by a breakable cord or a spring clip. It may be formed either inside 
the envelope and close to the rij) panel or outside the envelope near 
the gland by which the rip cord passes through the envelope. Before 
the rip panel can be “])ulled” the breakable cord must be broken or the 
clip opened. Accidental “pulling” is thus made unlikely, as the weight 
of the cord is easily carried by the breakable cord or spring clip, 
loop, sandbag — A system of cordage loops on the envelope of a balloon 
for suspending sandbags. See also line, sandbag. 

M 

main hauling line — Sec une, main m(K)rino. 
main longitudinal — See longitudinal, main. 
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main mooring line — See line, main mooring. 
main mooring line, mast — See line, mast main mooring. 
main shear wire — See wire (airship), main shear. 
main supporting surface — See surface, main supporting. 
main transverse — See transverse, main. 

maneuverability — That quality in an aircraft which makes it possible for 
the pilot to change its attitude rapidly, 
maneuvering valve — See valve, maneuvering. 
maneuvering-valve hood — .See hood, maneuvering-valve. 
manhole, appendix — ^An appendix of large diameter and usually rather 
short. It is used more for access than for inflation or deflation, 
manifold, inflation — A metal or fabric connection with numerous inlets 
which permits the i)assage of gas at the same time from a number of 
sources (either cylinders or gas holders) to the main inflation tube, 
manometer pressure — See pressure, manometer (aerostat). 
manometer-tube gland — Sec (iland, manometer-tube. 
mast bow-steadying line — See lines, mast yaw. 
mast main hauling line — See line, mast main moorinc;. 
mast main mooring line — See line, mast main mooring. 
mast, mooring — A mast or tower at the top of which there is mounted a 
fitting, so that the bow of an airship may be secured. It is usually pro- 
vided with a ladder or staircase and a platform at the top, so that crew 
• and passengers may enter or leave the airship, and also with piping for 
the supply of fuel, gas, and water. Sometimes called “mooring tower.^’ 
mast yaw line — See line, mast yaw. 
meter, air-speed — See air-speed meter. 
meter, ground-speed — See ground-speed meter. 

meter, superheat — An instrument for measuring the difference in tem])cra- 
turc between the gas in a gas container of a ligliter-than-air craft and 
the surrounding air. 

minimum gliding angle — See angle, minimum gliding. 
minimum speed — See speed, minimum. 
monocoque fuselage — See fuselage, monocoque. 

monoplane — An airplane which has but one main sii])portiiig surface, some- 
times divided into two parts by the fuselage, 
mooring band — See band, mooring. 
mooring cone — See cone, mooring. 
mooring-cone outrigger — Sec outrigger, mooring-cone. 
mooring drag — See drag, mooring. 
mooring harness — See harness, moorincl 
mooring line — See line, mooring. 
mooring loop — See loop, sandbag. 
mooring mast — See mast, mooring. 
mooring ring — See ring, mooring. 
mooring rope — See rope, mooring. 

mooring, three-point — A system of mooring an airship. It consists pri- 
marily of three lines running from a mooring ring (or point) on the 
airship to three points on the ground. These points are usually at the 
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vertices of an equilateral triangle. The lines may be secured to anchor- 
ages at the points, or run over snatch blocks and to equalizing gear. 
The endeavor is to moor the airship in such a manner that the dynamic 
lift, due to the relative wind, shall keep the airship at a constant height 
from the ground. May be considered as a substitute for a mooring 
mast, usually an emergency substitute. 

mooring tower — See mast, mooring. 

multiplane — An airplane with two or more main supporting surfaces placed 
one above another. 


N 

nacelle — An inclosed shelter for passengers or for a power plant. A nacelle 
is usually shorter than a fuselage, and does not carry the tail unit. 

net: 

free-balloon — A rigging made of ropes and twine shaped to the upper 
surface of the envelope, which supports the w'eight of the basket, etc., 
and distributes the load over the entire upper surface of the envelope, 
gas-cell (rigid airship) — A netting of cord of small mesh which is in- 
tended to assist tthe fabric of the gas cells in transmitting gas force to 
a wire netting of coarser mesh and to the longitudinals, both being 
fiteed lietwecn the longitudinals. It may be compared to the net of a 
free balloon. Sometimes called ^*gas-ccll netting” or “cord netting.*' 
inflation — A rectangular net of cordage used to restrain the envelope of 
a kite balloon or airship during inflation. Also aj^pHcd to a free-balloon 
net designed to be removed after inflation, 
netting cord — See net, (;as cell (rkjid ajrsiijp). 
netting wire — See wire (airsitip), nefting. 
nominal gas capacity — Sec capacity, nominal gas. 
non-rigid airship — See airship, non-rigid. 
nose (airship) — Sometimes used for bow. 
nose batten — See stiffener, bow. 
nose cap — See cap, bow', w^hich is to be preferred. 

nose-heavy — The condition of an airplane in normal flight when the distri- 
bution of forces is such that, if the longitudinal controls were released, 
the nose w^oiild dro]). 
nose-heavy (airship) — See bow-heavy. 
nose-steadying line — Sec t.ine, yaw. 

nozzle, pressure — An instrument w'hich, in combination with a gauge, is 
used to measure the indicated speed of an aircraft relative to the air. 
It may be a Pitot-tul)e or a Venturi tube, or a combination of a Thtot 
tube and a Venturi tube, 
nurse balloon — See bali.oon, constant pressure. 
nursing tube — See tube, supply. 
observation balloon — See bai.loon, observation. 
observation platform — See platform, observation. 
optical altimeter — See altimeter, optical. 

ornithopter — A form of aircraft heavier than air, deriving its chief support 
and propelling force from flapping wings, 
oscillation, phugoid — A long-period oscillation characteristic of the dis- 
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turbed longitudinal motion of an aircraft. This is referred to when it 
is said that an aircraft ‘^lunts.^* 

oscillation, stable — An oscillation whose amplitude does not increase. 

oscillation, unstable — An oscillation whose amplitude increases continu- 
ously until an attitude is reached from which there is no tendency to 
return toward the original attitude, the motion becoming a steady di- 
vergence. 

outer cover — See cover, outer. 

outrigger, mooring-cone — The member, usually tubular, which sui)ports the 
mooring cone at the 1 h)w of the airship. Sometimes referred to as 
''mooring spindle.’’ 

over-all length — The distance from the extreme front to the extreme rear 
of an aircraft, including the proi)eller and the tail unit. 

overhang — Used in two senses. (1 j one-half of the di (Terence in span of 
any two main su])])orting surfaces of an air])lane. The overhang is 
positive when tlie u])per of the two main su])])()rting surfaces has the 
larger s])an. (2) The distance from the outer strut attachment to the 
tip of the wings. 

overhead suspension — See susi*knsj()n, ovekhkad. 


pancake, to — To level off an airplane at a greater altitude than normal in 
a landing, thus causing it to stall and to descend on a steeply inclined 
path with the wings at a very large angle of attack and without appre- 
ciable bank. 

panel (aerostat) — The unit i)icce of fabric of which the envelope or outer 
cover of an aerostat is made. Panels may he assembled into sections, 
gores, or rings, according to the method of manufacture followed. 

In rigid airships the area bounded by two adjacent longitudinals 
and tw(j adjacent transverscs is often referred to as a '‘panel.” This 
is a structural panel and the expression is borrowed from structural 
engineers. 

panel, rip — A strip of fabric inserted or fitted in the up])cr ])art of the en- 
velo])e of a balloon or semi-rigid or non-rigid airship which is torn or 
ri])ped o])cn when immediate dellation is desired. 

panel (wing parts) — Where a wing surface compris(‘s several units of con- 
struction, these units arc designated as panels. 

parasite resistance — Sec dkac:. 

patch — A strengthened or reinforced flaj) nr fabric of special sha])e and con- 
struction, which is cemented to the enveloi)c or gas cell. Tt usually 
forms an anchor by which some ^])ortion of the structure may be at- 
tached to the envelope, or by which the positioning lines controlling the 
gas cell, may be attached to the cell. 

patch, chafing — A patch of fabric secured to the envelope of an aerostat to 
protect it from abrasion. 

patch, channel — A channel-shaped fabric-fitting secured to the envelope 
of an aerostat to allow a rod or si)ar to be laced to the envelope. 

patch, finger — A special form of patch having extensions or ‘'fingers” ex- 
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tending out from the central portion. The “fingers'’ may be of tape, 
frayed out rope, or fabric. Their function is to diwStribute the load 
more widely to the fabric of the envelope or gas cells, 
patch, suspension — A patch, secured to the enveloj)c or to a gas cell of an 
aerostat, to which a suspension line may be attached, 
pay-load — See load, vaw 

pendant, sighting — A vertical wire on center line and forward of the con- 
trol car of an airship, used as a mark in steering, to assist in determin- 
ing wind direction. 

performance testing — See testinc;, terfokmance. 
period — The time taken for a complete oscillation. 

permeability — The measure of the rate of diffusion of gas through intact 
balloon fabric; usually expressetl in liters of hydrogen per square meter 
of fabric per 24 hours, under standard conditions of pressure and tem- 
perature. 

phugoid oscillation — Sec oscillation, j*iuu;oid. 
pigmented dope — See doi*k ( rjcMENTEn). 

pilot — An operator of aircraft. This term is a]q)lied regardless of the sex 
of the operator. 

pilot balloon — See balloon, iulot. 
pitch, angle of — See ancle of fitcti. 
pitch indicator — See indicator, iutcu. 
pitch of a propeller ; 

effective — The distance which an aircraft advances along its flight path 
for one revolution of the proj)cller. Its symlx)! is ])^. 
geometrical — The distance which an element of a ])roj)clIer would ad- 
vance in one revolution, if it were moving along a helix of slope ecjual 
to its blade angle. 

mean geometrical — The mean of the geometrical ])ilclies of the several 
elements. Its syml)ol is p^. 

standard — The geometrical ])itch taken at two-thirds of the radius. Also 
called “nominal i)itch.'’ Its symbol is p^. 
zero thrust — The distance which a ])r()])ellcr would liave to advance in 
one revolution in order that there might be no thrust. Also called 
“experimental mean pitch.” Its syml)ol is p^. 
zero torque — The distance which a proi)eller would have to advance in 
one revolution in order that the torque might be zero. Its syml)ol is 

pitch ratio — The ratio of the pitcli (geometrical, unless otherwise stated) 
to the diameter p/D. 

pitch speed — The product of the mean geometrical pitch by the mim1;cr of 
revolutions of the i^ropeller in unit time — i.o., the speed the aircraft 
would make if there were no slip. 

Pitot tube — A cylindrical tul)e with an o])en end which is ])ointed upstream 
(i.e., so tliat the air meets the instrument head-on or is met head-<m by 
the instrument). When the aircraft is flying less than about 2(X) miles 
per hour, the instrument measures the impact pressure. When used 
on aircraft, it is usually associated cither with a closed coaxial tube 
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surrounding it or with a closed tube placed near it and parallel to it, 
the combination being termed a Pitot-static tube. The associated tube 
has perforations in its side so that it is subjected to static pressure, as 
distinct from impact prevssure. The speed of the fluid can be deter- 
mined from the difference between the impact pressure and the static 
pressure as read by a suitable gauge. In common terminology the 
Pitot-static combination, as above, is often termed simply at Pitot tube 
or Pitot. 

platform, observation — A platform or small deck fitted on the top of an air- 
ship and used as a post for a lookout and defense or as a place from 
which to make observations used in navigating the airship, 
pljrwood — A product formed by gluing together two or more layers of 
veneer. The alternate plies are usually placed with grain at right 
angles to the adjacent plies, 
pontoon (now obselete) — See float. 
power loading — See loading, power. 
pressure alarm — See alarm, gas-cell. 
pressure, dynamic — See dynamic (or impact) pressure. 
pressure flap — See flap, pressure. 
pressure height — See iiEKiHT, pressure. 

pressure, manometer (aerostat) — The excess of i)rcssure inside the envel- 
ope of an aerovStat over the atmospheric ])ressnre at a standard refer- 
ence point. The point of recfrence for the excess of pressure is usually 
the bottom of the envelope or gas cell for airshi])s and the level of the 
basket for kite balloons, 
pressure nozzle — See nozzle, pressure. 
pressure-relief vent — See vent, pressure-relief. 
pressure tube — See tube, pressure. 
pressure-tube gland — See gland, manometer-tube. 
profile — See airfoil section (or profile). 
profile drag — See drag. 

proofing — Material incor])orated in the fabric of an aerostat at the lime of 
manufacture to increase its resistance to the weather aiid/or to pre- 
vent the passage of gas (or decrease its permeability), 
propaganda balloon — See balloon, propaganda. 
propeller : 

adjustable pitch — A propeller whose blades are so attached to the hub 
that they may be set to any desired pitch Avhen the propeller is sta- 
tionary. 

controllable pitch or variable pitch — A propeller whose blades are so 
mounted that they may be turned about their axis to any desired pitch 
while the propeller is in rotation. 

propeller area, projected — The total area in the plane perpendicular to the 
propeller shaft swept by the propeller, excepting the portion covered 
by the boss and that swept by the root of the blade. This portion is 
usually taken at extending 0.2 of the maximum radius from the axis of 
the shaft. 

propeller blade — See blade face; blade back; blade-width ratio. 



STANDARD nomenclature 817 

propeller-blade angle — See angle, propeller-blade. 

propeller-blade area — The area of the blade face, exclusive of the boss and 
the root, i.e., of a portion which is usually taken as extending 0.2 of 
the maximum radius from the axis of the shaft, 
propeller boss — The central portion of a propeller in which the hub is 
formed or mounted. 

propeller-camber ratio — The ratio of the maximum thickness of a pro- 
peller section to its chord. 

propeller-disk area, total — The total area swept by a propeller, i.e., the area 
of a circle having a diameter equal to the propeller diameter, 
propeller efficiency — The ratio of thrust power to power input of a pro- 
peller. Its symbol is rj. 

propeller hub — The metal fitting inserted or incorporated in or with a pro- 
peller for the purpose of mounting it on the propeller or engine shaft, 
propeller interference — The amount by which the torque and thrust of a 
propeller are changed by the modification of the airflow in the slip- 
stream produced by bodies placed near the propeller, such as engine, 
radiator, etc. 

propeller-load curve — A curve representing the engine power necessary to 
drive any given pro])eller at various speeds. The j)ower required varies 
approximately as the cube of the speed in R. P. M., provided the ratio 
V 

remains constant. 

ND 

propeller pitch — See riTcii ok a rnorELLER. 

propeller, pusher — A ])ropellcr mounted to the rear of the engine or pro- 
peller shaft. (It is usually behind the wing cell or nacelle.) 
propeller rake — The mean angle which the line joining the centroids of the 
sections of a propeller Idade makes with a plane perpendicular to the 
axis. 

propeller reinforcing girder — See girder, propeller reinforcing. 
propeller root — That part of the propeller blade near the boss, 
propeller section — A cross section of a propeller blade made at any point 
by a plane parallel to the axis of rotation of the pn)])eller and tangent 
at the centroid of the section to an arc drawn with the axis of rotation 
as its center. 

propeller thrust — The component parallel to the propeller axis of the total 
air force on the propeller. Its symbol is T. 
propeller torque — The moment api)licd to the i)ropeller by the engine shaft. 
Its symbol is Q. 

propeller, tractor — A propeller mounted on the forward end of the engine 
or propeller shaft. (It is usually forward of the fuselage or wing 
nacelle.) ^ 

propeller-width ratio, total — The product of blade-width ratio at the point 
of maximum blade width by number of blades, 
propulsive efficiency — The ratio of the product of effective thrust and flight 
speed to the actual power input to the propeller as mounted on the air- 
plane, consistent units being used throughout. 
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purity (of gas) — The I'atio of the pressure of the hydrogen (or other aero- 
static gas) in the container to the total pressure due to all the con- 
tained gases. 

pusher airplane — See airplane, pusher. 

pusher propeller — See propeller, pusher. 

Q 

quadrant — The operating lever, made on the arc of a circle, of a control 
surface of an airshij), c.g., rudder (piadranl, elevator (juadrant. 

quadruplane — An airplane with four main su])portiiig surfaces, placed one 
above another. 


R 

race rotation — The rotation, produced by the action of the i)r(>]>eller, of the 
stream of air i)assing through or inllueiiced by the propeller. 

radial engine — Sec’ENcuNE, radial. 

radial wire — See wire (airship), radial. 

rail, docking — A rail or guide, constructed on the landing field and extend- 
ing into the shed, which supplies a means for holding the lateral ])ull 
of an airship’s docking or handling lines. The i)ull is transmitted to 
the rails from wheeled cars or trolleys which are fitted on or in the 
rails. Usually two rails are fitted at the greatest distance apart which 
will permit them to be run into the .shed. 

rake, propeller — See pROPJiLLER rake. 

ram — The cc)mbination of tubes and springs which is mounted in gimbals 
at the toji of a mooring mast. It consists of an outer tube which carries 
the ginibal iiKninting and within which slides an inner tube. The ui)per 
end of the inner tube carries the hollow cone \Vhich receives the air- 
slii])’s mooring cone and which is fitted to revolve freely. The inner 
tube can slide down into the outer tube and compress heavy springs, 
thus easing the shock wdien the mooring' is made. 

range at economic speed — The maximum distance a given aircraft can cover 
while cruising at the most economical speed and altitude at all stages 
of the fiight. 

range at full speed — The maximum distance a given aircraft can cover at 
full speed at sea level. 

rate of climb — The vertical com])oiient of the air si)eed of an aircraft, i.e., 
its vertical velocity with reference to the air. 

recorder, flight — An instrument for recording certain elements of the per- 
formance of an aircraft. 

relative inclinometer — See inclinometer, relative. 

relative wind — See wind, relative. 

resistance derivatives — Quantities expressing the variation of the forces and 
moments on aircraft due to disturbance of steady motion. They form 
the experimental basis of the theory of stability, and from them the 
periods and dam])ing factors of aircraft can be calculated. In the gen- 
eral case there arc 18 translatory and 18 rotary derivatives. 
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lateral — Resistance derivatives expressing the variation of moments and 
forces due to small changes in the lateral, yawing, and rolling veloci- 
ties. 

Ibngitudinal — Resistance derivatives expressing the variation of moments 
and forces due to small changes in the longitudinal, normal, and pitch- 
ing velocities. 

rotary — Resistance derivatives expressing the variation of moments and 
forces due to small changes in the rotational velocities of the aircraft, 
translatory — resistance derivatives expressing the variation of moments 
and forces due to small changes in the translational velocities of the 
aircraft. 

restoring moment — See kjgitting moment. 

reverse turn — See turn, reverse. 

revolutions, maximum — The number of revolutions per minute correspond- 
ing to the maximum horsepower. 

revolutions, rated — The number of revolutions corresponding to the rated 
horsepower. 

VI 

Reynolds Number — A name given the fraction ]) — in which 

u 


p is the density of the fluid; 

V is the relative velocity of the fluid ; 

I is the linear dimension of the body; 

II is the coefficient of viscosity of tlie fluid. 

rigger — One who is em])loyed is assembling and aligning aircraft. 

rigging (aerostat) — The attachment and adjustment of Ihe car, rudders, 
valves, controls, etc,, of an airship. 

rigging, (airplane) — The assembling, adjusting, and aligning of the parts 
of an airplane. 

right-hand engine — See engine, right-hand. 

righting moment (or restoring moment) — A moment which tends to re- 
store an aircraft to its previous attitude after any small rotational dis- 
placement. 

right side (engine) — That side which, to an observer looking from the anti- 
l)roi)eller end toward the ])ro])cller end, lies on the riglit-hand side. 

rigid airship — See ajrship, rigid. 

ring, concentration: 

airship — A ring to which several rigging lines are led from the envelope 
and from which one or more lines also lead to the car. 
free balloon — A ring to which are attached the ro[)es siis])ending the 
basket and to which the net is also secured. Sometimes called “load 
ring.^* 

ring, load — See ring, concentration (free balloon). 

ring, mooring — A metallic ring sus])cndcd from one of the forward frames 
of a rigid airshij) by wire lines and used for mooring. The vertex of 
a “three-point mooring” is attached to this ring. 

rip cord — See cord, rip. 

rip panel — See panel, rip. 
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roll — A maneuver in -which a complete revolution about the longfitudinal 
axis is made, the horizontal direction of flight being approximately 
maintained. 

roll, angle of — See angle of roll. 

rope, drag — A long rope which can be hung overboard from a balloon so 
as to act as a brake and a varial)le ballast in making a landing. Same 
as “trail rope” or “guide rope.” On airships a similar rope or ropes is 
used as a haul-down or mooring line by the landing crew. It is usually 
larger and longer than a regular handling line. Sometimes called “grab 
line.” 

rope, mooring — A line attached to a balloon or airship for use in securing it 
to the ground. It may serve the purpose of a “handling line,” or vice 
versa. 

rope, trail — See rope, drag. 

rotary engine — See engine, rotary. 

rudder — A movable auxiliary airfoil, the function of which is to impress a 
yawing moment on the aircraft in normal flight. It is usually located 
at the rear of an aircraft. 

rudder (airship) — A hinged or pivoted surface, usually attached to a fin at 
the after end of an airship. When ()])erated by the ])ilot it i)ro(luces a 
yawdng moment and gives directional control in the plane at right 
angles to the axis about wdiich it is hinged or pivoted. 

rudder angle — See angle, rudder. 

rudder bar — The foot 1)ar l)y means of which the control cal)les leading to 
the rudder are operated. 

rudder torque — The twisting moment exerted by tlic rudder on the fuselage. 
The product of the rudder area by the distance from its center of area 
to the axis of the fuselage may be used as a relative measure of rudder 
torque. 


S 

safety, factor of — See factor of safety. 

load in that member in actual use. 
safety loop — See loop, safety. 

sag — A distortion of an airship in which the longitudinal axis becomes con- 
cave upward so that both ends rise, 
sandbag line — See linf:, sandha(j. 
sea anchor — See anchor, sea. 

seaplane — Any airi)1ane designed to rise from and alight on the water. 
This general term a])i)lies to both boat and float ty])es, though the boat 
type is usually designated as a “flying boat.” 
secondary shear wire — See wjre (atrsttip), secondary shear. 
semi-rigid airship — See airship, semi-rigid. 
service tank — See tank, service. 

shaft, climbing— An access shaft fitted with a ladder and leading from the 
liottom to the top of an airship hull. This may be fitted in an airship 
of any type. 
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shaft, gas — A duct or shaft leading from the bottom of the gas cells to the 
outer cover of an airship. It affords a clear passage for the escape of 
gases which have accumulated in the gangway or corridor or which 
are discharged from the valves at the bottom of the cells. It usually 
consists of light wooden hoops or frames spaced at intervals on cords 
or wires and is covered by a netting. It prevents the gas cells from 
closing hard against one another and thus keeps the i)assage open. 
Sometimes called “gas trunk,” “exhaust-gas shaft,” or “trunk.” 

In view of the i)ossibiIity of confusion with parts of an engine- 
exhaust system, it is believed that “gas shaft” or “trunk” is to be pre- 
ferred. 

sheathing — See tipping (propeller). 

shed — shelter for housing airships. 

ship — Slang for an airplane. In view of the confusion with “airship” it 
should not 1)e used. 

shipplane — A landplane designed to rise from and alight on the deck of a 
ship. * 

shock absorber — A device incor]>oratcd in the landing gear of an aircraft 
to reduce the shock imposed on the structure when alighting or taking 
off. 

Shock absorbing devices arc usually intcr])osed between the main 
structure and the wheels, floats, skis, or tail skids, to secure resiliency 
in landing and taxying. 

shore — A structural member for su])porting the structure of a rigid or semi- 
rigid airshij) during building or docking, used in conjunction with (or 
without) a cradle. 

side car — See car, wing. 

side slipping — Flight in which the lateral axis is inclined and the airplane 
has a component of velocity in the direction of the hnver end of the 
lateral axis. When it occurs in connection with a turn, it is the oppo- 
site of skidding, (q. v.) 

sighting pendant — See pendant, sighting. 

skid — A runner used as a member of the landing gear and designed to aid 
the aircraft in landing or taxying. 

tail skid — A skid used to sui)port the tail when in contact with the ground, 
wing skid — A skid placed near the wing tip and designed to protect the 
wing from contact with the ground. 

skidding — Sliding sidewu’se away from the center of curvature when turn- 
ing. It is usually caused by banking insufficiently, and is the opposite 
of side slipping, (q. v.) 

skid fin — A fore-and-aft vertical surface, usually placed above the upper 
wing, designed to provide vertical keel surface and so to increase lat- 
eral stability. 

skin friction — The tangential component of the fluid force at a point on a 
surface. 

sky writing — The act of emitting from an aircraft a trail of smoke or other 
visible substance, the flight of the aircraft being wSo directed as to cause 
the trail to assume the form of letters or symbols. 
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sleeve, conical — A cone-shaped fabric, fitting in a bag or cell through which 
a line passes. It provides a gas-tight connection of the bag or cell to 
the line and yet permits both some degree of freedom to move, 
sleeve, deflation — Generally a sleeve or appendix made of fabric provided 
for the special purpose of facilitating the deflation of an aerostat. Also 
applied to the sleeve or appendix fitted in the lower lobe of a kite bal- 
loon and used to permit the rapid escape of air in the lobes when the 
balloon is hauled down, 
sleeve, filling — See sleeve, inflation. 

sleeve, inflation (or sleeve, filling) — A tubular fabric attachment to an en- 
velope or gas bag, serving as a lead for the inflation tube, 
slip — The dilTerence between the mean geometrical pitch and the cllFective 
pitch. Slip may be expressed as a percentage of the mean geometrical 
pitch or as a linear dimension, 
slip fuel tank — Sec tank, slit fuel. 

slip function — The ratio of s])ced of advance through the undisturbed air 
to the product of ])ropeIlcr cliameter by the number of revolutions in 

V 

unit time, i.c., . The slip function is the primary factor control- 

ND 

ling propeller performance. It is tt times the ratio of forward s])ced to 
the tij) speed of the projieller. 

slipstream — The stream of air driven astern by the ])ro])eller. (The indraft 
is sometimes included also.) 

snatch-block anchorage — See anciioraoe, snatch-i^lock. 
soar — To ])erform sustained free flight without self-propulsion; it is called 
^hip-currcnt soaring’’ if performed in ascending air; “dynamic soaring” 
in other cases. 

sounding balloon — See balloon, sounding. 
sound-ranging altimeter — See altimeter, sound-rangincl 
span (airfoil) — The lateral dimension of an airfoil, i.e., its dimension per- 
pendicular to its chord. Its symbol is b. 
span (airplane) — The maximum distance measured ])arallcl to the lateral 
axis from tip to tip of an airplane inclusive of ailerons, 
spar — See wing si’ar. 

specific fuel (or oil) consumption — Sec fuel (or ojl) consumption, spe- 
cific. 

speed, critical — The lowest speed of an aircraft at which control can be 
maintained. 

speed, economic — The speed at which the fuel-consumption, ])cr unit of dis- 
tance covered in still air, is a minimum, 
speed, ground — The horizontal component of the velocity of an aircraft 
relative to the earth. 

speed, landing — The minimum speed at which an airplane can maintain 
itself in level flight and still be under adequate control, 
speed, minimum — The lowest steady speed which can be maintained by an 
airplane in level flight at an altitude large in comparison with the di- 
mensions of the wings, with any throttle setting Avhatever. 
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spin — A maneuver consisting of a combination of roll and yaw, with the 
longitudinal axis of the airplane inclined steeply downward. The air- 
plane descends in a helix of large pitch and very small radius, the upper 
side of the airplane being on the inside of the helix, and the angle of 
attack on the inner wing l)eing maintained at an extremely large value. 

spindle, mooring — See outrigger, mooring cone. 

spinner — A fairing of approximately conical or paraboloidal form, which 
is fitted coaxially with the propeller boss and revolves with the pro- 
peller. 

spiral — A maneuver in which an airplane descends in a helix of small pitch 
and large radius, the angle of attack being within the normal range of 
flight angles. 

spiral instability — See stability. 

stability — That properly of a body which causes it, when disturbed from a 
condition of equilibrium or steady motion, to develop forces or mo- 
ments which tend to restore the body to its original condition, 
automatic — Stability dependent u])on movable control surfaces auto- 
matically operated by mechanical means, 
inherent — Stability of an aircraft due solely to the disposition and ar- 
rangement of its fixed parts, i.e., that property which causes it, when 
disturbed, to return to its normal attitude of flight without the use of 
controls or the interposition of any mechanical devices, 
static — Stability of such a character that, if the airplane is displaced 
slightly from its normal attitude by rotation about an axis through its 
center of gravity (as may be done in wind tunnel experiments), mo- 
ments come into play which tend to return the airplane toward its 
original attitude. 

dynamic — Stability of such a character that, if the airplane is displaced 
from steady motion in flight, it tends to return to that steady state of 
motion, the oscillations due to restoring moments being dam])ed out. 

In a general way, the difference between static stability and dy- 
namic stability is that the former depends on restoring moments alone, 
while the latter includes the action of damping factors, 
longitudinal — Stability with reference to disturbances in the plane of sym- 
metry, i.e., disturbances involving pitching and variation of the longi- 
tudinal and normal velocities. 

directional — Stability with reference to rotations about the normal axis, 
i.e., and airplane possesses directional stability in its simplest form if 
a restoring moment comes into action when it is given a small angle 
of yaw. Owing to symmetry, directional stability is closely associated 
with lateral stability. 

lateral — Stability with reference to disturbances involving rolling, yaw- 
ing, or side sli])i)ing, i.e., disturbances in w^iich the position of the 
plane of symmetry of the aircraft is affected, 
spiral instability — A type of instability inherent in certain airplanes 
which becomes evident when the airplane, as a result of a yaw, as- 
sumes too great a bank and side slips; the bank continues to increase 
and the radius of the turn to decrease. 
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stabilizer — A normally fixed airfoil whose function is to lessen the pitch- 
ing motion. It is usually located at the rear of an aircraft and is ap- 
proximately parallel to the plane of the longitudinal and lateral axes. 
Also called ‘'tail plane.’' 

stabilizer (aerostat) — Same as fin. The lobes of a kite l)alloon are some- 
times referred to as stabilizers. 

stabilizer^ mechanical — A mechanical device to ])revent an aircraft from 
departing from a condition of steady motion, or, in case such a motion 
is disturbed, to restore it to its steady state. Includes gyroscopic 
stabilizers, pendulum stabilizers, inertia stabilizers, etc. 
stabilizer setting, angle of — See angle of stabilizer setting. 
stable oscillation — See oscillation, stable. 

stagger — The amount of advance of the leading edge of an upper wing of 
a biplane, triplane, or multiplane over that of a lower, expressed cither 
as a percentage of gap or in degrees of the angle whose tangent is the 
percentage just referred to. It is considered positive when the upper 
wing is forward and is measured from the leading edge of the upper 
wing along its chord to the point of intersection of this chord with a 
line drawn perpendicular to the chord of the ui)per wing at the leading 
edge of the lower wing, all lines being drawn in a jdanc parallel to the 
plane of symmetry. 

stall — The condition of an airplane when from any cause it has lost the air 
speed necessary for support or control, 
static ceiling — See ceiling, static. 
static lift — See lift, static (aerostat). 
static thrust — See thrust, static. 
static trim — See trim, static. 
static turn indicator — See indicator, static turn. 

station, airship — The complete assembly of sheds, masts, gas plants, shops, 
landing fields, and related equipment required to o])cratc airships and 
supply their needs. A station may include all or a ])art of the items 
enumerated. The base from which airshij)s are operated, 
statoscope — An instrument for detecting minute changes of altitude of an 
aircraft. The indications of the instrument usually dei)cnd on small 
changes of the static jiressure of the air. 
stay — A wire or other tension memlier; for example, the stays of the wing 
and ho(]y trussing. 

step — A break in the form of the bottom of a float or hull designed to re- 
duce resistance when under way liy rapidly reducing the wetted sur- 
faces as speed increases. It also serves to eliminate suction effects, 
stern-droop — A deformation of an airship in which its longitudinal axis 
bends downward at the after end. 
stem framing — See fram!ng, stern. 

stern-heavy — The condition in which, in normal flight, the after end of an 
airship tends to sink and which requires correction by means of the 
horizontal controls. In this condition an airship is said to “trim by 
the stern.” It may be due to either aerodynamic or static conditions, 
or to both. 
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stiffener, bow — ^A rigid member attached to the bow of a non-rigid or siJemi- 
rigicl envelope to reinforce it against the pressure caused by the mo- 
tion of the airship. Sometimes called “nose stiffener” or “nose batten.” 
streamline — The path of a small portion of a fluid relative to a solid body 
with respect to which the fluid is moving. The term is commonly used 
only of such flows as are not eddying, but the distinction should be 
made clear by the context. 

streamline flow — Steady flow past a solid body, i.e., a flow in which the 
direction at every point is independent of time, 
streamline form — A solid body which produces approximately streamline 
flow. 

stresses, breathing — Stresses produced in an aerostat by breathing. Of 
importance in the envelope and keel of a semi-rigid airship due to the 
interaction of envelope and keel when the envelope ‘‘breathes.” 
strip, drip — See flap, drip. 
structural drag — See drag. 

strut — ^A conij^ression member of a truss frame. For instance, the vertical 
meniliers of the wing truss of a biplane (iiiterplane struts) and the 
short vertical and horizontal members separating the longerons (q. v.) 
in the fuselage. 

strut, drag — A fore-and-aft compression member of the internal bracing 
system of a wing. 

supercharged engine — Sec engine, sui’ercharckd. 

supercharger — A mechanical device for su])plying the engine with a greater 
weight of charg-e than would normally be induced at the prevailing at- 
mospheric pressure and tcni])eraturc. 
centrifugal type — A supercharging device equipped with one or more 
rotating imi)ellers generating centrifugal force which is utilized for the 
coin])ression and the transmission of the air against resistance, 
positive-driven type — A sui)ercharger driven at a fixed speed ratio from 
the engine shaft by gears or other positive means, 
rotary-blower type — A supercharging device conijirising one or more 
relatively slow-sjieed rotors revolving in a stationary case in siicli a way 
as to provide a positive displacement, 
turbo type — A siqiercharger driv^en by a turbine ojicratcd hy the exhaust 
gases from the engine. 

superheat — The amount hy which the temperature of the gas in the en- 
velope or gas cells of an aerostat is higher than the temperature of the 
surrounding air. If the contained gas has a lower temperature, the 
superheat is said to be negative, 
superheat meter — See meter, superheat. 
supply balloon — See balloon, supply. 
supply tube — Sec tube, supply. / 

supporting surface, main— See surface, main supporting. 
surface, control — A movable airfoil designed to be rotated or otherwise 
moved by the pilot in order to change the attitude of the airplane or 
airship. 

surface, fixed — See fin. 
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surface, main supporting — A set of wings, extending on the same general 
level from tip to tip of an airplane; c.g., a triplane has three main sup- 
porting surfaces. The main supporting surfaces include the ailerons, 
but no other surfaces intended primarily for control or stabilizing pur- 
poses. 

suspension band — See band, suspension. 
suspension bar — See bar, suspension. 
suspension line — See link, suspension. 

suspension, overhead — A line leading from the roof of. an airshij) shed and 
arranged to sustain the whole or a part of the weight of the structure 
of an airship when it is docked, 
suspension patch — Sec J'atcji, si^spensjon. 

suspension winch — The rigging I)y means of which the lift and drag of a 
kite balloon is transmitted from the envelope to the towing or traction 
cable. 

sweep back — The acute angle between the lateral axis of an airplane and 
the projection of the axis of the wing on the plane which includes the 
lateral and longitudinal axes. (The axis of a wing is a line through the 
centroids of the section of the wing.) 

T 

tail (airship) — Sometimes used for stern. 

tail boom — A s])ar or outrigger connecting the tail surfaces and main sup- 
])orting surfaces, 
tail-droop — S ee stek n -droop. 

tail group (or tail unit) — 'Fhe stabilizing and control surfaces at the rear 
end of an aircraft, including stabilizer, fin, rudder, and elevator. (Also 
called “empennage.”) 

tail-heavy — In a heavier-thaii-air craft, the condition in which in normal 
flight, the tail sinks if the longitudinal control is released, i.e., the con- 
dition in which the ])ilot has to exert a i)ush on the control stick to 
keep the given altitude, 
tail-heavy (airship) — See stern - lucAvy. 
tail plane — See stabilizer. 
tail skid — See skid. 

tail slide — The backward and downward motion, tail first, which certain 
airplanes may be made to taken momentarily after having been brought 
into a stalling position by a steej) clitnb. 
tandem airplane — See airplane, tandem. 

tank, fixed fuel — A fuel tank which is not intended or fitted to be dropped, 
as “slip” tanks are. 

tank, service — A fixed fuel tank near each power unit, into which fuel from 
other tanks is pumped and from which the fuel supplying the engines 
is drawn. 

tank, slip fuel — A fuel tank which is provided with a device iieriiiitting the 
quick dro])ping of the tank and contents as a whole in case of an emer- 
gency. Fitted on both a’rships and airplanes. 
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taxi — ^To run an airplane over the gfround, or a seaplane on the surface of 
water under its own power. 

testing, performance — The process of determining performance character- 
istics. 

thermograph — An instrument for recording temperature, 
thimble — ^A grooved ring of circular, pear-, or heart-shaped form, generally 
of metal, which is inserted in the eye of a rope or wire to prevent chaf- 
ing or deformation of the eye. 
three-point mooring — See mooring, THREE-roTNT. 

thrust, effective — ^The net driving force delivered by a propeller when 
mounted on an airplane, i.e., the actual thrust given by the propeller, 
as mounted on an airplane, minus any increase of resistance of the air- 
plane ])roduced ])y the action r)f the propeller, 
thrust face — See hi.ade rack. 

thrust, static — The thrust developed by a ])ro])eller when rotating at a fixed 
point. 

tipping (propeller) — A sheet-metal (or e([uivalent) protective covering of 
the blade of a propeller near the tip, extended a short distance along 
the trailing edge and a considerable distance along the leading edge, 
toggle — A short crossbar of wood or metal which is fitted at the end of a 
rojie. The rope jiasses around the mid length of the liar in a shouldered 
groove. By .slipping it through an eye in the end of another rope, the 
two lengths of rojie can he (piickly connected or disconnected, 
topping up — The operation of filling up with gas an already partially full 
aerostat. Also ajiplied to a similar operation with fuel tanks. Incor- 
rectly called “nursing.” 

total propeller- width ratio — See rROPELLEK- width ratio, total. 
tower, mooring — See mast, moorinc;. 
tractor airplane — See airplane, tractor. 
tractor propeller — See propeller, tractor. 

trailing edge — The rearmost edge of an airfoil or j)ro]>el]cr blade. 

trail rope — See rope, drag. 

trajectory band — See rand, trajectory. 

transverse, intermediate — An ojien unbraced transverse frame of a rigid 
airship which lies l:)etween two main or braced transverse frames, 
transverse, main — A main transverse strcngtliciiing frame of a rigid airship 
provided with wire or girder Iwacing and sjiaced at regular intervals 
throughout the length of the airship, 
trapeze bar — See ear, suspension. 
triangulation balloon — See balloon, triangulation. 

trim — The attitude of an aerostat relative to a fore-and-aft horizontal plane. 
If the forward end is down, the aerostat is said to have “trim by the 
bow”; if the after end, it has “trim by the stern.” 
trim, to — To alter the attitude of an aerostat relative To a fore-and-aft 
horizontal plane. If the endeavor is to force the bow down, the air- 
craft is “trimmed by the how” ; if the stern, it is “trimmed by the stern.” 
If the aircraft shows a tendency to .sink by the how end, it is said to 
“trim by the bow” or to be “bow-heavy” ; if the tendency is to sink by 
the stern, it is said to “trim by the stern” or to be “stern-heavy.” 
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trim, dynamic — ^Trim (or trimming) due to dynamic conditions or their 
change. 

trim, static — ^Trim (or trimming) due to static conditions or their change. 

triplane — An airplane with three main supporting surfaces, placed one 
above another. 

trolley, docking — A car or trolley fitted on (or in) docking rails to trans- 
mit the pull of an airship docking line. It is fitted with wheels having 
anti-friction bearings so it can move freely in the rail. Usually some 
sort of quick-release device for letting go the line is also fitted. 

tube, inflation — ^A fabric tube leading from the inflation manifold or source 
of supply to the inflation sleeve of the gas cell or envelope. 

tube, nursing — See tube, supply. 

tube, pressure — A tuht fitted to an envelo])e or gas bag, to which a pres- 
sure gauge may be attached. 

tube, supply — An elongated appendix or inflation sleeve, fitted on a kite 
balloon, wdiich is brought down to the basket and fitted with a quick- 
connection coupling. This coupling can be attached to a similar piece 
on the deck of the airship and gas may be sent into the balloon shortly 
after it has reached the deck. A similar tube is sometimes used wdth 
airships where constant-pressure nurse balloons are used. This is rare 
in the United States. Also called ''nursing tube.” 

turn indicator — See iNuirAroR, turn. 

turn, reverse — A rapid maneuver to reverse the direction of flight of an air- 
plane, made by a half loop and half roll. 

U 

unstable oscillation — See oscillation, unstatji.e. 

/ useful lift- See lift, useful (airship). 

useful load — See load, useful. 


V 

valve, automatic — A spring-loaded relief valve fitted to the envelope, hal- 
lonet, or gas cell of an aerostat and set to oj^en at a i)redelermincd 
pressure for the i)urpose of i)reventing excessive internal ])ressure. 

Also ap])lied to a tyi)e of valve used on some aerostats which opens 
at a predetermined contained volume or hull dimension, 
valve cover — Sec hood, valve, 
valve hood — See hood, valve. 

valve, maneuvering — A manually operated valve fitted to the envelope, hal- 
lonet, or gas cell of an aerostat for the i)uri)ose of releasing gas or air 
from within the envclo])e or gas cell when desired, 
valve petticoat — A special sleeve between valve and gas container making 
it possible to tie ofif the sleeve and change valves without loss of gas. 
valve seal — A fabric cover used to seal the automatic valves of a rigid air* 
ship when docked in the shed. Jam pot cover (British), 
veneer — Thin sheets of wood, either sliced with a knife or sawed. 
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vent, pressure-relief — ^A small opening in the covering of the fin of an air- 
. ship intended to facilitate the equalization of the pressure of the air 
within the fin with that of the outside air. It also provides an outlet 
for any gas that may collect in the fin. 

Venturi, power — A Venturi tube used to operate gyroscopic turn indicators 
and other instruments. 

Venturi, speed-indicating — A Venturi tube may be combined with a Pitot 
tube or with a tul)e giving static pressure to form a pressure nozzle 
which may be used to determine the indicated speed of an aircraft 
through the air. The pressure difference is measured by a suitable 
gauge. 

Venturi tube — A short tul)e with flaring ends and a narrow or constricted 
section between them, into which a side tube opens. When fluid flows 
through the Venturi, there is a reduction of pressure in the constricted 
section, the amount of reduction being a function of the velocity of 
flow. 

vertical engine — See enc;xne, vertical. 

vertimeter — A device for indicating the rate of rise and fall of an aerostat, 
usually a special form of statoscope. A rate-of-climb meter serves the 
same pur])()se, although of a different form, 
volume — The volume of the air displaced by the gas used for inflation, 
volume, aerodynamic (airship) — The volume of the form which must be 
driven through the air. Same as “air volume.’^ 
volume, air (airship)— The volume of air displaced by the body formed by 
the outer cover or envelo])C of an airsbi]). It is this volume which 
enters into aerodynamic computations. Sec volume, aerodynamic 
(ajksujjO. 

volume, gas (airship) — Thg volume oi the contained gas. See caeacity. 
V-type engine — See enoine, V-tyee. 

V-wires — The lower lines of the winch suspension of the kite balloon. 
They meet at the junction piece and form V’s; hence the name. 

, W 

walkway girder — See (ukder, walkway. 

warp — 'J'o change the form of a wing by twisting it. Warping is sometimes 
used to maintain the lateral eciuilibrium of an airj)lane. 
wash — The disturbance in the air produced by the passage of an airfoil. 

Also called the “wake” in the general case for any solid body, 
washin — Pernianent warping of the wing which results in an increase in 
the angle of attack near the tip. 

washout — Permanent warping of a wing which results in a decrease in the 
angle of attack near the tip. 

water-recovery apparatus — See aeearatus, water-recovery. 
water-recovery condenser — See condenser, water-recovery. 
weight, dischargeable (consumable weight) (airship) — All weight which 
can be consumed or discharged and still leave the airship in safe oper- 
ating condition with a specified reserve of fuel, oil, water ballast, and 
provisions, and her normal crew. 



830 MODERN AIRCRAFT 

weight, disposable (airship) — All weight other than fixed weights, includ- 
ing dischargeable weights contrasted with fixed weights, q. v. 

weight, empty — The structure, power plant, and fixed equipment of an air- 
craft. Included in this fixed equipment are the water in the radiator 
and cooling system, all essential instruments and furnishings, fixed 
electric wiring for lighting, heating, etc. In the case of the aerostat 
the amount of ballast which must be carried to assist in making a safe 
landing must also be included. 

weight, fixed (airship) — The weight of the hull machinery and all equip- 
ment and parts which are fixed in position and nonconsumable. All 
constant and nonconsumablc weights which an airshij) would carry 
under all conditions of service (British). Liquids in cooling systems of 
engines are included. 

weight, fixed power plant, for a given airplane — The weight of an engine, 
including ignition, carburetor, and induction systems complete, pro- 
peller and hub, exhaust manifolds, radiator and water, if used, with all 
interconnecting wires, controls, tanks, and pipes, lubricating oil tem- 
perature regulators, the oil contained in the engine crankcase and the start- 
ing gear attached to the engine, but excluding fuel, oil, and engine in- 
struments. 

weight per horsepower — The dry weight of an engine divided by the rated 
horsepower. 

winch, suspension — See suspenion, winch. 

windmill — An air-driven screw used to drive auxiliary apparatus on an air- 
craft. 

window, inspection — A small trans])arent window fitted in the envelope of 
a balloon or airship, or in the wing of an airplane, to allow inspection 
of the interior. 

wind, relative — The motion of the air with I'efercncc to a body, i.e., its mo- 
tions as observed by a man at rest on the body. The direction and 
velocity of the relative wind, therefore, are found by adding two vec- 
tors, one being the velocity of the air with reference to the earth, the 
other being equal and opposite to the velocity of the body with refer- 
ence to the earth. 

wind tunnel — An elongated chamber, usually a tube divergent at the ends, 
through which a steady air stream may be drawn or forced. Models 
of airfoils, of aircraft, or of propellers may be i)laced in the middle por- 
tion of the tunnel, called the experiment chamber or working section, 
and supported by suitable balances placed out side the air stream, so 
that the forces, moments, etc., due to the moving air may be measured. 

wing — A general term applied to a whole or a portion of the main support- 
ing surfaces of an air])lane, but in the latter case is usually qualified as 
right wing, left wing, upper wing, or lower wing, etc. 

wing car — See car, wing. 

wing-dihedral angle — See angle, wing-dihedral or dihedral. 

wing drag — See drag. 

wing-heavy — The condition of an airplane in wdiich (in normal flight) there 
is a tendency for the right (or left) wing to drop, if the lateral control 
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is released, i.e., the condition in which the pilot has to exert a lateral 
force on the control stick to keep the lateral axis horizontal, 
wing loading — See loading, wing. 

wing rib — A fore-and-aft member of the wing structure of an airplane, used 
to give the wing section its form and to transmit the load from the 
fabric to the spars. 

rib compression — A heavy rib designed to have the function of a wing rib 
and also to act as a strut opposing the pull of the wires in the internal 
drag-truss. (Also called “Drag strut.'') 

rib, former or false — An incomplete rib, frequently consisting only of a 
strip of wood extending from the leading edge to the front spar, which 
is used to assist in maintaining the form of the wing where the curva- 
ture of the airfoil section is sharpest, 
wing setting, angle of — See anglk of wing setting. 
wing skid — See skid. 

wing spar — The principal transverse structural member of the wing as- 
sembly of an airplane. 

wing truss — The framing by which the wing loads of an airplane are trans- 
mitted to the fuselage. Tt comprises struts, wires, cables, tie rods, and 
spars. 

wire — In aeronautics, refers specifically to drawn solid wire. 

wire (airship) : 

antiflutter — A wire in the jilane of the outer cover for locally reinforc- 
ing the outer cover in that part of the airship and reducing fluttering 
in flight due to air jiressure or ])ropeller wash. Also called “outer 
cover support wire." 

chord — A wire joining the vertices of the polygonal frame of the main 
transverse frame. 

diametral — A chord wire which passes through or near the center of the 
main transverse frame. It is usually attached to the axial fitting, 

fairing — A wire provided as a point of attachment for the outer cover to 
maintain the contour lines of the envelope of an airship. 

' main shear — A diagonal wire taking up mean shear loads in the structure 
of a rigid airship. 

netting — Diagonal and/or circumferential wire netting fitted betw^een the 
longitudinals over the entire hull of a rigid airshi]), to transmit the lift 
of the gas cells to the structure. Sometimes called “gas pressure 
wires." 

radial — A wire wdiich extends from an axial fitting at the center of the 
transverse frame of a rigid airship to a joint of the frame. 

secondary shear — Additional reinforcing shear wire, 
wire, antidrag — A wu’re designed primarily to resist forces acting parallel 
to the chord of the wing of an airplane and in the same direction as the 
direction of flight. It is generally inclosed in the wing, 
wire drag — ^Any wore or cable designed ])rimari!y to resist drag forces. 

internal — A drag wire concealed inside the wing. 

external — A drag wire run from a wdng to the fuselage or other part of 
the airplane. 
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wire, landing— A wire designed primarily to resist forces in the opposite di- 
rection to the normal direction of the lift aftd to oppose the lift wire 
and prevent distortion of the structure by an overtightening of those 
members. Sometimse called “antilift” wire, 
wire, lift — A wire or cable which transmits the lift on the outer portion of 
the wing of an airplane in toward the fuselage or nacelle. This wire 
usually runs from the to]) of an interjjlane strut to the bottom of the 
strut next nearer the fuselage. Sometimes called “flying Avire.” 
wire, stagger — A wire connecting the upper and lower surfaces of an air- 
plane and lying in a plane substantially parallel to the plane of sym- 
metry. (Also called “incidence wdre.”) 
wood, laminated — A product formed by gluing or otherwise fastening to- 
gether a number of laminations of wood with the grain substantially 
parallel. (Differs from plywood in that in the latter the grain of al- 
ternate plies is usually crossed at right angles; also, the j)lies of the 
latter are usually made up of veneer.) 

W-type engine — See enc.ine, w-typk. 

Y 

yaw, angle of — See angle of yaw. 
yaw guy — See line, yaw. 
yaw line — See link, yaw. 

yawmeter — An instrument for measuring the angle of yaw. 

Z 

zero-lift angle — See angle, zero-lift. 

zero-lift line — A line through the trailing edge of an airfoil section parallel 
to the direction of the wind wdien the lift is zero, 
zoom — To climb for a short time at an angle greater than that Avhich can 
be maintained in steady flight, the air])lane ])eing carried upward at 
the expense of its kinetic energy. This term is sometimes used as a 
noun, to denote any siuhleii increase in the ui)ward sIoi)e t)f the flight 
path. 


AERONAUTICAL SYMBOLS 
1. Fundamental and Derived Units 



Symbol 

Metric 

b'nglisb 

Unit 

Symbol 

m 

sec 

kg 

Unit 

Symbol 

Length . 
Time. , . 
Force.. . 

1 

t 

F 

meter 

second 

weight of one kilogram 

foot for mile) 

second for hour) 

weight of one pound. 

ft. for nii.) 
sec. (or hr.) 
11). 

Power.. 

P 

kg/m /sec 

(km /hr 

horsepowe'r 

mi. /hr 

ft./sec 

HP. 

M. P. PI. 
f n. s 

Speed. . . 


/in /sec 








STANDARD NOMENCLATURE 


833 


2. General Symbols, Etc. 

W, Weight, =. mg 

g, Standard acceleration of gravity=9.80665 m/sec.-=i32.1740 ft./sec.^ 
W 

m, Mass, = — 

g 

p, Density (mass per unit volume). 

Standard density of dry air, 0.124^^7 (kg-m"^ sec 2) at 15“ C and 760 mm ==« 
0.002378 sec.2). 

Specific weight of “standard” air, 1.2255 kg/nv*^ — 0.07651 Ih./ft.’’* 
mk^ Moment of inertia (indicate axis of the radius of gyration, k, by 
pro])er subscript). 

S, Area. 

S^, Wing area, etc. 

G, Gap. 

1), Span, 

c, Chord length, 

b/c, Aspect ratio. 

f, Distance from c. g. to elevator hinge. 

fA, Coefficient of viscosity. 

3. Aerodynamical Symbols 

V, True air speed. 

q, Dynamic (or imi)act) i)ressnr(‘ — 

T. 

Jj, Ivift, absolute coefficient Cj — 

qS 

P 

D, Drag, al)soIute coefficient C„ “ — 

qS 

c 

C, Cross-wind force, absolute coefficient C^, = — 

K, Resultant force. (Note that these coefficients are twice as large as 
the old coefficients L(;, l\y) 

Angle of setting of wings (relative 1o thrust line). 

Angle of stabilizer setting with reference to thrust line. 

Dihedral angle. 

VI 

^ — , Reynolds Number, where 1 is a linear dimension. 

e. g., for a model airhnl 3 in. chord, 100 mi./hr. normal pressure, 0 
C :255,000 and at 15“ C., 230,000; 

or for a model of 10 cm chord 40 m/scc, corresponding numbers are 
299,000 and 270,000. 

Cp, Center of pressure coefficient (ratio of distance of C. P. from leading 
edge to chord lengtli). 

/?, Angle of stabilizer setting with reference to lower wing, (i^ — 1^). 



834 


MODERN AIRCRAFT 


Z 

t 

■ 



Positive directions of axes and angles (forces and inonuMits) arc shown by arrows 


Avis 


Moment about avis Annie 

Velocities 



^ .5 




0 

a 

G ^ 



as p 




C 

0 br 
^ c 

Dosipnation 

Wl 

Ui 

5 

c 

tr< 

1 • ■'" Z c 

c > ^ c 

I Dh ’£) O •- 


0 

as ssS 

bo 

T^onpfitndinal . . 

X 

1 X rolling?.. 

I. 

■ V- -Z roll . . . 


u 

Lateral 

Y 

Y ])i1rbmn 

IVl 

; Z \ pitch . . . 

6 

V 

Normal 

Z 

1 Z yawing".. 

N 

1 X \ yaw. . . 

vl/ 

w 


tt, Angle of attack, 

e, Angle of (lownwash. 

L AT N 

Absolute coefficients of nionient C, = - — C\, - - — = 

(|1>S (|cS (jfvS 

Angle of set of control surface (relative to neutral jxisition), . (Indicate 
surface by ])ro])er snb^crij)t.) 

4. Propeller Symbols 

D, Diameter. 

p^, Effective pitch. 

p^, Mean geometric ])itch. 

p^, Standard pitch. 

p^, Zero thrust. 

p^, Zero torque. 

p/D, Pitch ratio. 
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V', Inflow velocity. 

V,, Slipstream velocity. 

T, Thrust. 

Q, Torque. 

P, Power. 

(If “coefficients” are introduced all units used must be consistent.) 
■q, Efficiency = T V/P. 

n, Revolutions per sec., r. p. s. 

N, Revolutions per minute., R, J’, M. 

Effective helix angle = tan ’ 


5. Numerical Relations 

1 IIP. = 76.04 kg/m/scc. --- .'i.SO Ib./ft./sec. 

1 kg/m/sec. 0.01.115 HI*. 

1 mi./hr. = 0.44704 iii/scc. 

1 m/sec. =: 2.23693 mi./hr. 

1 11). = 0.4535924277 kg. 

1 kg = 2.2046224 Ib. 

1 mi. = 1609.35 m = 5280 ft. 

1 m = 3.2808333 ft. 
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A 

Absolute ceiling, 527. 

Accidents, causes of airplane, 587. 

Accomplisliments of aircraft, 2. 

Aders machine, 78. 

Adjustable or variable camber wings, 132. 
propeller, 474. 
stabilizer, 507. 

Adjustment of ailerons, J. N. 4, 545. 
for Dihedral, 539. 
of elevator control, J. N. 4, 546. 
of rudder control, J. N. 4, 546. 

Advantages of biplanes, 146. 
of brakes for wheels, 231. 
of plywood in fuselages, 211. 
of rigid type airship, 607. 

Aerial metal, 242. 
navigation, notes on, 778. 

Aerodynamic balance, wind tunnel, 140. 
definition of, 26. 
theory, new, 133. 
volume, 71, 139. 

Aerofoil, cambered, 106. 
camber, effect of, 118. 
definitions, 142, 

leading edge curved down, 106. 
placing of monoplane, 21. 
plan forms, 149. 
pressure distribution on, 122. 
section, 143. 
sections, early, 114. 

^ section for heavy loading, 112. 
sections for special work, 115. 
sections, resistance (ff, 15. 
section struts, ndlanca, 633. 
upper surface produces lift, 127. 

Aeromarine engine st«irter, .396. 

Aeronautics, definition of, 26. 

Aerostatics, definition of, 26. 

Aileron, 144. 

adjustment, Curtiss, J. N. 4, 545, 
angle, 139. 
area, 510. 

control of early Curtiss, 495. 
inspection of, 581. 

Air a mechanical mixture, 5. 
and oil pressure gauges, 733. 
brakes to aid in landing, 517, 
composition of, 1. 
cooled cylinder design, 306. 
material for, 309. 
engine, Bristol Cherub, 315. 


Caminez, 320. 

Detroit, 323. 

Henderson, 311, 
inspection rtiutine, 572. 
installation, 283. 
meleormotor, 319. 
opposed type, 314. 

Pratt and Whitney Wasp, 339. 
small, 311. 

Super Rhone, 327. 
weights of, 254. 

Wright (iale, 318. 

Wnglit Morehouse, 311. 

Wright Whirlwind, 330. 
cooling advantages, 256. 
fin arrangement, 307. 
general considerations, 304. 
logical in airplanes, 283. 
not restricted to radial engine.^, 304. 
distance recorder in.stallalion, 7!>3. 

recorder and speedometer, 752. 
drag tachometer, 740. 
duct, 65. 

flow around bodies, 16. 
in motion, force of, 4. 
leak tachometers, 740. 
line, capital needed for, 707, 
mail costs, 70^). 
mail field organization, 702, 
nature of, 1. 

or water-cooled engines, 259. 

pressure, variation witli speed, 17. 

jiressure varies, 492. 

resistance, 14. 

resistance of engines, 289. 

resistance of engines, table showing, 292. 

scoop, 65. 

service, P. R. T., 708. 

.si)eed, 99. 

speed correction for altitude, 749. 
speed correction table, 750. 
speed, faulty rciulings, 751. 
speed indicator Irtjuhles, 750. 
speed indicators, 745. 
speed meter, recording, 748. 
starting system, 405. 
transport charges, how based, 709. 
transport, cost of, 704. 
volume, 71. 

volume displacement, 71. 
warm, ascensional power of, 6. 
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Aircraft accomplishments, 2. 
aircraft carburetors, 412. 
definition of, 26. 

Aircraft engines, air resistance of, 289. 
Attendcu oil, 294. 

Bcardmore, 381. 

Curtiss late models, 378. 

Curtiss O X series, 348. 

Detroit, 323. 
dry weight of, 302. 

Farman, 388. 

general re(|uircincnts nf, 256. 
Hispana Sni/a model A, .349. 
installation. 269. 
inverted, 293. 

Liberty, 3.S2. 
materials used in, 297. 

Mercecles, 352. 

Packard 2A-1500. 366. 

Packard inverted, 370. 
re(|uirements of, 251. 

Sunbeam, 387. 
tal)Ie of post war, 282. 
table of pre-war, 281. 
troubles, 597. 

Wasp air-cooled, 340. 
water-cooled, 347. 

Wrigbt J4A, 330. 

Wright T3. 365. 

Wright water-cooled, 363. 
factors limiting size, 45. 
instruments, 724. 
motor, lightness important, 250. 
motors, operating conditions of, 248. 
motors, relative engine weights, 252. 
needed for commercial work, 691. 

Airline investment, three ship, 705. 
Airliner, Rerniiigton-Punielli, 645. 

Airlines, why early lines did not pay, 687. 
Airplane accidents, causes of, 587. 
all metal for commerce, 694. 

Ampliil)ian, 671. 

and hirdflight compared, 84. 

arresters, 714. 

assembly and alignment, 552. 
autogiro rotating wnig, 674. 
balance drawing, 488. 

Bleriot four engine airliner, 6.52. 
bracing wires, 189. 

Buhl Verville CAV3, 627. 

Caproiii, CA73, 641. 
commercial possibilities, 688. 
control at low velocities, 510. 
control, early, 494. 
control instruments, 725. 
control methods, 88. 

C.P.A 1 two mot('r bomber, 643. 

Curtiss carrier pigeon, 635. 

Curtiss Falcon, 637. 

Curtiss flying boats, 95. 


designs, early, 12. 

de.signs, late, 15. 

designs, modern, 13. 

designs, monoplanes, 18. 

design, some factors, 92. 

design, start of, 94. 

early American pre-war, 89, 

early forms having modern features, 93. 

early successful, 81. 

earning capacity of, 694. 

engine costs, 299. 

engines, Diesel, 639. 

engine forms, 263. 

engine, ins])Cction of, .568. 

engine superchargers, 418. 

('(juilibrium, 485. 

fire extinguisher for, 777. 

Fokker tri-motor, 648. 

Fokker F^niversal, 629. 
advertising, 689. 
for civilian flying, 610. 
for inspection, 689. 
for night flying, 781. 
for racing, 131. 
for relief w'ork, 689. 
fuselage construction, 199. 
fuselage forms, 206. 
ground run of, 516. 
liandliiig in flight, 521. 
handling on grotind, 564. 

ITchikel twin motor, 640. 

Henson’s, 76. 

Hill Pterodactyl, 514. 
horsepower needed by, 96. 
how they differ, 19. 
how to unpack, 530. 
in flight, forces on, 486. 
inspection procedure, 566. 
instrument hoards, 729. 

Kncder-Kcisner, 622. 
landed by liarachiilc, 684. 

T^atecoerc finir engine, 653. 

launching by catapult, 714. 

medium weight, 623. 

method of towing, 564. 

miscellaneous uses of, 689. 

move on tlirec; axes, 485. 

moves in tliret“ planes, 83. 

nmlli engine, 265. 

muhi-motored, 638. 

navigation aids, instruments as, 725. 

Navy PN series, (S61. 

pander light, 622. 

parts, examination of. 533. 

Pitcairn fleet wing, 626. 

Pitcairn Orowing, 624. 
power and resi.stance, 98. 
power needed for, 262. 
pre-war two seaters, 91. 
principles, elementary, 10. 
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propeller action, 430. 

Kemington-Buriielli, 645. 
repairs needed in training, 590. 

Kyan Ml monoplane, 620. 

Short Satellite, 619. 
single scat scouting, 88. 
tail skids, 236. 
turning, control in, 523. 
types, definitions of, 28. 
use in crop dusting, 717. 
very early types, 97. 
weight distribution, 225, 

Westland Widgeon, 620. 

Westland Woodjiigeon, 619. 
wheels, brakes ff)r, 231. 
why banked w'heii turning, 502. 
why used in large numbers, 8. 
wing bracing, 174. 
wing plan form, 180. 
wing wires, kiads on, 176. 
wings, recovering, .591. 
wings, side bracing, 187. 

Wright Bcllanca, 631. 

Airport, 721. 
definition of, 27. 

Airship and airplane compared, 43. 
control, 60. 
definitions of, 27. 
flights, notable, ()0. 
frame constriution, ()07. 
instruments, 725. 

L 59 control car, ()14. 

metal clad, 56. 

passenger cabin, 613. 

safety of rigid, 61. 

some advantageous feature^ id, 50. 

spheres of usefulness, 43. 

station, 721. 

Airways and airports, ()9o. 

Beacon, Sperry, 700. 
definition of, 27. 

Alarms, gas pressure, 774. 

All metal construction for commerce, 094. 

Alloys, aluminum, properties oi, 298. 

Alphabetical dictionary of tcinis, 787. 

Alighting gears for seaplanes, 237. 
gear forms, 228. 

Alignment chart, altitude corrections, 7.58. 
checking instruments, 551. 
drawing, l.vpical, 559. 
of wings and fuselage, JN4, 547. 

Altimeters, aneroid, 753. 

Altitude and pressure relation, 757. 
and temperature corrections, 758. 
corrections for air speed, 749. 
effect on engine power, 419. 
how to attain, 521. 

Alumen, 242. 

Aluminum alloys, properties of, 298. 


Amphibian airplanes, 671. 
details of Loening, 672. 

Loening, 672. 

plane characteristics, 674. 

Anemometers, 764. 

rect>rding, 765. 

Aneroid altimeters, 753. 
altimeter calibration, 756. 
barometer, 755. 

Angle of attack, 139. 
hank, 139. 
blade, 482. 
incidence, best, 126. 
pitch, 139. 
roll or hank, 139. 
stabilizer setting, 197. 
wing setting, 197. 
yaw, 140. 

Animal glues, 159. 

Anli drag wire, 144. 

Aiili-slalling gear, 515. 

Apparatus, water recovery, 49. 

Appendix, manhole, 66. 

Apple wood for airplanes, 237. 

Approved types of parachutes, 687. 

Apron, hangar, 721. 
y\rca of ailerons, 510. 

Areas of airplanes, parasitic, 137. 
of control surface, 507. 
of panels for different weights and .speeds, 
111 . 

v\rgcntahim, 242. 

Ai'rangemcnt of wdre bracing, 196. 

An esters, airplane, 714. 

Ascensional power of warm air, 6. 

Ash. wdiite and black, 238. 

Aspects of commercial aviation, 686. 

Aspect ratio, 143. 
of blade, 482. 

Assembling biplane fuselage, 210. 

plane, first step in, 554. 

Assembly and alignment, general rules for, 
552. 

of center section, 535. 
landing gear, 534. 
main jianels, 536. 
tail or empennage, 541. 

Astronomical compass. 771. 

Atmospheric control for carburetor, 413. 
Atmosphere, structure of, 5, 

Atleiidu oil engine, 294, 

Altitude, 140, 

Attraction of gravity, 10. 

Autogiro operating principles, 676. 

rotating wing airplane, 674. 

Aut(»matic control to prevent stalling, 515. 
stability, 526. 
valve, 60. 

Auxiliaries for aviation engines, 390. 
Auxiliary balance, 501. 
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Aviation after the war, rj86. 
and insurance, 25. 
engine auxiliaries, 390. 

materials used in, 385. 
p(^ssibilities of, 24. 

Axes of aircraft, 140. 

airplane movement, 485. 

Axial cable, 66. 
cone, 66. 

Axiall}" increasing piteli, 435. 

B 

Back of blade, 435. 
pack paraebute, 684. 

Bakelite propellers, 449. 
propeller. s, tests of. 451. 

Balance drawing nf airpl.inc, 488. 

Balanced control, 490. 
surface, 74. 

Balancing, auxiliary, 501. 
dovetailed, 502. 
faired contour, 502. 
overhung, 502. 
principles, airplane, 87. 
propellers, 439. 
simple, 501. 

Balla.st, use of, 50. 

Ballonct, defined, 63. 

Balloon, action of, 6. 
bed, 721. 
definitions of, 28. 
fabric, 246. 

first channel cr(>ssiiig by, 3 
kite, .standard nomenclature, ,32. 
Montgolfier, 3. 
c)peration of, 31. 
spherical, j)arts of, 30. 

Balsa wood for fairing, 234. 

Band, mf>oring, 66. 
suspension, 66. 
trajectory, 66. 

Hank and turn indicator, 762. 
definition of, 526. 

Banking an airplane wlicii turning, 502. 

Barograph, 757, 

Barometer, aneroid, 755. 

Barospliere, region of, 5. 

Barrel type engine, 301. 

Basic load, 141. 

Bass wood, use in planes, 239. 

Bay, 244. 

Beacon for airways, Sperry, 700. 

Beardmorc aircraft engine, 381. 

Beech, use in planes, 238. 

Bcllanca struts, aerofoil section, 633. 

Berliner bclic(>ptcr, 678. 

Best gap between wings, 148. 

Biased fabric, 246. 

Biplane cmi>cnnage, 506. 
or monoplane, 146. 


wing bracing, 184. 
wing cellule assembly, 175. 

Birch, use in planes, 238. 

Bird and plane form compared, 80. 
wing area of, 107. 
sections, 107. 

Birdflighl difficult to imitate, 83. 
m.stinctivc, 85. 

Blade area, 483. 
shaping propeller, 439. 
theory of screw action, 434. 
width ratio, 482. 

Bleriot control .system, 495. 
four engine airliner, 651. 
landing gear, 2(X). 

Blimp, early navy type, 42. 

Blood albumen glues, 159. 
glue, di.sadvantages of, 161. 

Boat type hull alighting gear, 237. 

Bod>s 244. 

Boeing PBl flying boat, 666. 

Bourdon tul)c gauge i)rinci]>le, 733. 

Bow cap, definition of, 64. 
heavy, 73. 

.stiffener, definition of, 64. 

Box girder, 66. 

Brake mean effective pressing*, 302. 
for airplane wheels, 231. 
wing flaps as, 518. 

Breathing, 73. 
stresses, 73. 

Bridle, 66. 

Brief history of early flights, 3. 

Bristol gas stirler, 405 

Buhlile t 3 ]>c statoscojK', 776. 

Buhl-V^erville CW3 plane, 627. 

Ihiilding cradle, 67. 

lUiildings and eiiuipmeiil, air transport, 704. 

Bnlls-eyc, 66. 

Biiimmcy, 71. 

Burble point of wings, 127. 


Cahane, 144. 

Cable, axial, 66. 
flexible, 192. 
non flexible, 192. 
splices and servings, 194. 
Caliln-ation of altimeters, 756. 
Camber, 143. 

in aerofoils, effects of, 118. 
varying lower, 119. 

Cambered aerofoils, designs of, 106. 

aerofoils, properties of, 105. 
Caminez air-cooled engine, 320. 

engine details, 322. 

Cantilever biplane wings, 186 
monoplane sections, 121. 
monoplane wing, 186. 

Capacity, 71. 
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Capital .required to establish air line, 707. 

Caproni CA73 airplane, 641. 

Carburetors for aircraft engines, 412. 
leaking, 606. 

Zenith Duplex, 415. 

Card magnetic compass, 765. 
magnets, composition of, 766. 
for weekly airplane inspection, 587. 

Carrier for panel assembly, 538. 

Casein glue, 157, 

Catapults for airplane launching, 714. 

Catenary, 67. 

Cedar, use in planes, 240. 

Ceiling, absolute, 527. 
service, 527. 
static, 72. 

Cellulose acetate dope fire resisting, 164. 
nitrate dope cheaper, 164. 

Center, coincidence of, 226. 
of buoyancy, 71. 

gravity, relation to wheel contact line, 

227. 

pressure and gravity, 485. 
pressure coefficient. 143. 
pressure, fixed, 514. 
pressure, location of, 104. 
pressure, meaning (»f, 104. 
pressure position, 127. 
pressure travel, 105. 
section panel assembly, 535. 
radiator in, 278. 

Centrifugal superchargers, 302, 422. 
tacliometers, 740, 

Chafing patch, 67. 

Chamberlin’s Bellanca plane, 635. 

Channel patch, 67. 

Chart for horsepower needed. %. 
of altitude and pressure relali(»ii, 757. 
of compass correction, 768. 

Checking dihedral, 53^). 

^pnjpellers, 440. 
stagger, 540. 

Cherry, use in planes, 238. 

Cherub engine, Bristol, 315. 

Chestnut, use in planes, 238. 

Chord length, 143. 
of aerofoil section, 143. 

Chromaluminum, 242. 

Chronomctric tachometers, 740. 

Chronometric tachometer construction, 741. 

Civilian flying, airplanes for, 610. 

Classes of flying macliinc.s, 10. 

Classification of instruments, 724. 

Cleanliness of fabric, 585. 

Climbing, power needed in, 263. 

shaft, 67. 

Cloth, 246. 

Coal gas for balloons, 30, 

Cockpit, 244. 


Coincidence of centers, bow obtained, 226. 

of C. P. and C. G., 485. 

Cold, influence on airships, 62. 
weather cautions, Wright engine, 578. 
suggestions, Liberty engine, 570. 
Columbia, Bellanca, section of, 222. 
Commercial aircraft, many types needed, 601. 
aviation, aspects, 686. 
planes, fundamentals of, 692. 
possibilities of airplanes, 688. 

Comparison and uses of various glues, 160. 
Compass, astronomical, 771. 
card magnetic, 765. 
compensation of, 767. 
correction chart, 768. 
earth induction, 768. 
errors in, 766. 
function of, 766. 
gyroscoiiic, 765. 
inductor magnetic, 765. 
installation of, 767. 
magnetic, 765. 
radio-direction, 771. 
sun, 771. 
types, 765. 

Compensation of imagnetic compass, 767. 
Complete engine overhaul, Wright, 574. 
Composite fuselage construction, 211. 
Composition of air, 1. 

duralumin, 220. 

(Compression ribs, 144. 
stroke, 2()0. 

Concentration ring, airship, 67. 
free balloon, 67. 

Concentric tube manometer, 774. 

Condenser details, 49. 

(Tone, axial, 66. 

('onflicting flying costs, 711. 

Conical sleeve, 67. 

Construction of blimp type, 52. 
metal propellers, 459. 

Rohrhack control members, 172. 
three wheel gear, 235. 
wood and wire truss, 209. 

C\)nsumplioii of helium, 35. 

Controllability, 99. 

Control, air, 74. 

atmospheric, in carburetors, 413. 
balance, merits of various, 501. 
car, definitioii of, 64. 
car, rigid L59, 614. 
compartment, definition of, 64. 
diagram, 82. 
dual stick, 497. 
engine, 74. 

ineffective at low speeds, 511. 
in making turns, 523. 
lines, 67. 

methods, airplane, 88. 
of early airplanes, 494. 
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of airplane at low speed, 510. 
airships, 60. 
free balloons, 37. 
oil temperature, 300. 
parachutes, 682. 
superchargers, 427. 
stick, 74, 244. 
surface, 74. 
surface areas, 507. 
surface area, proportion of, 500. 
balanced, 409. 
why effective, 403. 
system, dual dep, 406. 
wire inspection, 583. 

Conversion curves, degrees C. to 759. 

curves, milimeters to inclirs, 7.')9. 

Cooling cylinders by air, 306. 
exhaust valves, 307. 
fins, arrangement of, 307. 
fin dimensions, 308. 
system, inspection of, 569. 

Copper tipping, 455. 

Corrections for ])iplane spacing, 140. 
Corrosion of metal, prcwentitig, 223. 

Cost elements, air transport, 704. 
of airplane engines, 290. 
of landing fields, 713. ^ 

relative of airplanes and dirigibles, 52. 
U. S. air mail, 709. 

Cowling, 244. 

C.P.A. 1 twin motor bomber, 644. 

Cradle, building, 67. 
docking, 67. 

Crates, contents of, 531. 

Critical angle, 141. 

or burble point, 127. 
speed, 528. 

Crop dusting by airpbnie, 717. 

Cross wind force, 141. 

Crow\s foot, 67. 

Cruciform girder, 67. 

Curtiss aileron control, 495. 
aviation engii’.es, lal(' models, 378. 

Carrier Pigeon plane, 635. 

D12 engine, 379. 

Falcon observation plane, 636. 

flying boats, early, 95 

JN4, front and .side elevation, 550. 

JN4, how to uiicrate, 530. 

JN4, specifications of, 552. 

JN4 training biplane, ,S42. 
navy racer, 657. 

OX .scries engines, 348. 
racing twin float seaplane, 129. 

Peed dural propellers, 478. 

V-1400 engine, 380. 
wind tunnel, 139. 

Cycle, four, in engines, 260. 

Cylinder, air-cooled for aviation, 308. 
cooling fins, dimensions of, 308. 


design, air-cooled, 306. 
development, water-cooled, 358. 
disposition, radial, 305. 
of Wright Whirlwind, 332. 

Cypress, use in planes, 240. 

D 

Damping factor, 525. 

Danger cone, 73. 
in stalling, 522. 

Data on post war engines, 282. 

weights, speed and panel areas, Wl. 

Dead weight, distribution of, 94. 

Decalage, 197. 

Defects in ailing .systems, 602. 

Definitions of instruments, 726. 

Deflation sleeve, 73. 

De Grandeville propeller, 448. 

Delating stall condition, 513. 

Design considerations, fundamental, 204. 
of air-cooled cylinders, 306. 
landing gears, 232. 
metal propellers, 459. 

Packard inverted engine', 371. 
seaplane floats, 657. 
for small air-cooled engine, 314. 

Details of cam engine, 322. 

cbronometric taebomelcrs, 741. 

Wright A'forebonse engine, 313. 

Detectors for gas leakage, 775. 

Detroit aircraft engine, 323. 

Developed area, 435. 

Development of monoplane, 21. 

Navy PNIO, 663. 

D1I4 fuel supply system, 408. 

Diagrams showing pressure distribution, 12.3. 

Diameter of .screw, 435. 

Dictionary of terms, alphabetical, 787. 

Diesel engines for planes, 639. 

Diffusing honey comb in wind tunnel, K38. 

Dihedral, adjustment for, 5.39. 
checking methods, 5v39. 
lateral, 183. 
longitudinal, 181. 

Direct drive engine installation, 288. 

Directional stability, 526. 

Dirigil)le balloon types, Zepellm, 41. 
control as free balloon. 51. 
depreciation and cost, 51. 
first, 4. 

influence of size on, 45. 

metal clad, 56. 

modern rigid type, 36. 

or .swinging tail skid, 507. 

slay up without engine power, 51. 

types of, 7. 

Disadvantages of old designs, 672. 

Disc area, 435. 
theory of .screw action, 434. 
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Discharge of !R(K)ts blower, 425. 

Dischargeable weight, 72. 

J)isplacement, 72. 

Disposable weight, 72. 

Distance covered in landing, 516. 
covered in taking-off, 518. 
no longer computed in miles, 1. 
type thermometers, 738. 

Distribution of dead weight, 94. 

Dive, 527. 

Divergence, 525. 

Dock, airship, 721. 

Docking cradle, 67. 
rail, 721. 
trolley, 721. 

Dolly, wliecled, for tail sui)porl, 564. 

Dope, airplane and airsliip, 246. 
amount retinired to cover, 163. 
light proof, 164. 
pigmented, 165, 246. 
why used for wings, 163. 

Doping practice, U. S. Navy, 164. 

Dornier Supcrwal fl.Ning boat, 669. 

J>>vetailed balance, 501. 

Downwasli angle, 141. 

]>ag, definition of, 141. 
rope, 67. 
strut, 144. 
wire, 144. 

Drawing, typical aUgnmcMil, 559. 

Drift and drift angle, 99. 
indicator, 771. 

D-ring, 67. 

Drip flap, 67. 

Drives for tachometer, 744. 

Dry sleeve water-cooled cylinder, 359. 
weight of an engine, 302. 

Dual dep control system, 496. 

.stick control, 497. 

Dural forgings, 220, 

Duralumin, composilion of, 220. 
for propellers, 460. 
fuel tanks, 411. 
heat treated, 221. 
properties of, 219. 
sheet, patching, 593. 

“Dusting” for killing insect^, 717. 

Dvnamic factor, 99. 

'lift, 141. 
load, 141. 
pressure, 141. 

similarity, principle of, 102. 
stability, 526. 
trim, 141. 

K 

P'arly airlines did n(4 pay, 687. 
airplane designs, 12. 
airplanes, control of, 494. 

Curtiss landing gear, 200. 
flights, brief liistory, 3. 


form aerofoil for light loading, 111. 
Wright starting system, 199. 

Earning capacity of airplanes, 694. 

Earth induction compass, 768. 

Eclipse electric starter, 12 volt, 404. 

engine starters, 400. 

Economic speed, 528. 

speed range, 527. 

Effective helix angle, 482. 
pitch, 482. 
thrust, 482. 

Effect of camber in wings, 118. 
light on dope, 165. 
staggering wings, 149. 
varying lower camber, 119. 
wind gusts, 492. 

Efllclenl plane approximates bird form, 152. 
KIcetiical ecinipment, inspection of, 569. 
h'leetric starter eclipse. 404. 

Eleinentarv airplane principles, 10. 

Elevator, 74. 
angle, 142. 

control adjustment JN4, 546. 

Curtiss JN4, 544. 
h"lm, use in planes, 238. 

EniergcMicy landing fields, 698. 

Empennage assembly, 541, 554. 
of bombing jdanc, 506. 
typical, 504. 

Empirical rules for air screw design, 435. 
Enclosure of fuselage frame, 208. 

End section, Liberty motor, 356. 

Endurance, 99. 

Engines, air-cooled advantages, 256. 
aircraft, relative weights, 252. 
air or water-cooled, 259. 

Caminez radial air-cooled, 320. 
cost per liorsei)ower, 300. 
dcvcloimient, future, 294. 
for aircraft, requirements, 256. 

Farniaii aim aft, 388. 
forms, aircraft, 263. 
fuel, liydrogen gas as, 45. 
gauge installation, 735. 

Pioneer, 733. 

installation, air-cooled, 283. 

oiilb(»ard, 268. 
instruments, 725. 
inverted aircraft, 293. 
long lived for commerce, 693. 
materials used in, 385. 

used ill aircraft, 297, 
mounting, air-C(X)led, 2^4. 
number used, 264. 
operating principles of, 260. 
piping for air .starter, 406. 
power, how altitude affects, 419. 
■requirements of aircraft, 251. 
run slowly at .start, 520. 
starters, Acroniarine, 396. 
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air system, 405. 

Bristol gas, 405. 

Eclipse hand, 400. 

Eclipse inertia, 400. 

Wright, 398. 

starting methods, 300, 394. 

Sunbeam aircraft, 387. 
troubles, 597, 

Wasp, 340. 

Envelope, definition of, 64. 

Epicyclic propeller drive gear, 472. 
Equilibrium and stability factors, 491. 

of airplanes, 485. 

Equipment for night flying, 781. 

of Navy PN7, 662. 
h>rors in comi>ass, 766. 

Excessive oil temperature, 606. 

Exhaust gas cemdenser, 49. 
disiiosal, 287. 
temperature, 50. 
water in, 49. 
stroke, 262. 
valves, cooling, 307. 
valves of air-coolc<l engines, 307. 
Expenses, operating, in air transport, 704. 
Extinguisher, fire, 777. 

F 

Fabric for wing covering, 163. 
how fastened to ribs, 166. 
inspection of, 585. 
tips for wood propellers, 456. 

Face of airplane inspection card, 588. 
blade, 435. 

Factors in float design, conflicting. 657. 
influencing aerofoil selection. 111. 
of safety, 100. 

regulating equilibrium and stability, 401. 
Fairchild Caminez engine, 321. 

Faired contour balance, 501. 

Fairing, 246. 

balsa wockI, 234. 

I^'arman 6(K) h. p. engine, 388. 

Field handling frame, 68. 

organization, air mail, 702. 

Figures for three ship airline, 705. 

U. S. air mail, 709. 

Fin, 74. 
carrier, 68. 

cooling on air-cooled cvliiidcr.s, 307. 
tliinensions cooling, 308. 
girder, 68. 

Finger palcli, 68. 

Fire, causes of, 777. • 
hazard in airplanes, 777. 
wall, 244. 

First channel crossing, i)y hallcjon, 3. 
dirigible, 4. 

step in plane assembly, 554. 


Fitting, 246. 
hub to shaft, 444. 

Fixed engine weight, 302. 
fuel tank, 74. 
weight, 72. 

Flexible cable, 192. 
cable ends, 190. 
shaft for tachometers, 744. 

Flights, first of Wright Bros., 78. 
indicator, 763. 
notable airship, 60. 
of helicopters, 677. 
path, 100. 

Float, 245. 

design and surface maneuvering, 659. 
design factors, 657. 

Flotation gear, 245. 

Flow meters, fuel, 737. 

Flying boats, Boeing PBl, 665. 

Navy PNIO, 663. 
commercial, 660. 

Dornier Super wal, 669. 
giant, 668. 

Navy PN series, 661. 
commercial, 686. 
costs, how computed, 711. 
equipment maintt'nanee, 696. 
fuel economy in, 525. 
in side wind, 522. 
insl ructions for, 520. 
learned onl> b> practice, 524. 
machines, classes of, 10. 

Hcnst)irs, 77. 

Maxim's, 77. 

Phillips’, 77. 
mileage, civil, 25. 

.service, 25. 
jiight, 781. 

nut inlicrciitly dangerous, 23. 
position, jdacnig plane in, 559. 

Fog dispersal experiments, 702. 
effect on airship, 63. 

Fokker features, general, 649. 
instrument l)oards, 732. 
power plant installation, 648. 
tri-inotor cabin monoplaiK*, 646. 
tri-motor F-VII, 647. 

Universal airplain, 629. 

Forced lamlings, probability of, 638. 

Forces acting on airplanes in flight, 486. 

l^orce of air in motion, 4. 

Forgings, dural, 220. 

Former or false ribs, 145. 

Forms of planes, 79. 

Four engine airliner, Blerk»t, 652. 
engine airplanes, 265. 
stroke engines, operating principle, 260. 
wheel gear, 232. 

Foxhoro thermometer, 738. 

Frame construction of rigid airship, 607. 
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Free balloon net, 69. 
balloons, control of, 37. 
simple balance, 501. 

Fuel economy in flying, 525. 
flowmeters, 737. 

for Wright air-cooled engines, 577. 
injection system, Attendu engine, 296. 
level gauge, 736. 

systems, common troubles in, 600. 
system, pressure feed, 408. 
tanks and supply systems, 409. 
tanks, duralumin, 411. 
tank installation, 411. 

.system, Wright Whirlwind, 338. 

Full speed range, 527. 

I'unction of compass, 766, 

Fundamental design considerations, 204. 
Fuselage, 244. 
alignment, 555. 
composite, 211. 
examination of, 534. 
frame enclosure important, 208. 
forms, airplane, 206. 
framework design, 203. 
how to uncriitc, 532. 
interior, insj^ccticui of, 582. 
jig for plywood, 217. 
metal, 218. 

method of truing, 559. 

plywood, 211. 

plywood, weight of, 214. 

properties of steel for, 223. 

rc.si.stancc, 206. 

sections of monoplanes, 222. 

.structure, 203. 

types, comparing, 212. 

wood and wire truss type, 208. 

Wright Apache, 219. 

Future engine developniciil, 294. 
speed possibilities, 132. 

G 

Galvanised non-flcxihle ends, 100. 

Gap, definition of, 197. 

variation, eflect of, 147. 

Gas bags in rigid airsbif), 012. 
cell, definition of, 64. 
net, 69. 

for lifting, hydrogen, 7. 
leakage detectors, 775. 
pressure alarms, 774. 
shaft, 68. 
hood, 68, 

temperature measurcmcMit, 775. 
volume, 72. 

Gases, coal, 30. 
helium, 33. 
lift of, 30. 

temperature of exhaust, 50. 


Gassing, 73. 
factor, 73. 

Gasoline system, inspection of, 569. 
Gauges, air and oil pressure, 733. 
Bourdon tube, 733. 
fuel level, 736. 

Pioneer engine, 733. 

Gauging plane performance, 103. 

Gears, alighting, 228. 
anti-stalling, 515. 

Geared drive engine installation, 288, 
engine, Packard, 369. 
Geometrical pitch, 482. 

German thick wing section, 116, 

Giant flying boats, 668. 

Girder, cruciform, 67. 

Gland, 68. 

Glide, 527. 

Glue for laminated construction, 156. 

wood, properties of, 158. 

Goldbeater’s fabric, 246. 

Goodyear non-rigid dirigible, 44. 

Gore, definition of, 64. 

Gravity, attraction of, 10. 

Gr.iy cast iron, 242. 

Grommet, 68. 

Gross lift, 72. 

Ground cloth, 721. 

contact of wheel, relative to (\ (h, 227. 
gear, 721. 

personnel for airjiorts, 700. 
run of airplanes, 516. 
spa'd, 100. 

Gum, use in planes, 238. 

Gyroscopic compass, 765. 

H 

Handley-Page slotted wing, .'ill. 

Handling airplanes on ground, 564. 

line, 68. 

•Hangar, 721. 

apron, 721. 

Hard wire lf»np, 190. 

Heat transfer unit, 392. 

treated dural, 221. 

Heavier-tlian-air machines, 8. 

Heavy bomber, landing gea** for, 229, 
Height of landing gear, 230. 

Heinkel twin motor plane, 640. 

Helicopter, Berliner, 678. 
flights, 677. 
principles, 677. 
problems to he solved, 677. 

Helium, purification of, 34. 
replacements needed, 37. 
use and nature of, 33. 

Helium ga.s, consumption of, 35. 

waste, prevention of, 48, 
Henderson air-coolerl engine, 311. 
Henson's airplane, 76, 
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Hickory, use in planes, 238. 

High altitudes and high speeds, 716. 

lift monoplane wings, 114. 

High speeds at high altitudes, 716. 

Hispana Suiza, model A, 349. 

Hog in airships, 73. 

Horizontal shibilizcr, Curtiss JN4, 543. 
Horn, 74, 

Horsepower, maximum, 303. 
to overcome resistance, 96. 
rated, 303. 

How air transport charges are based, 709. 

to take-off, 520. 

Hull, 245. 

Hulls and floats, metal, 656. 

Hydrogen gas, lifting jKJwer of, 7. 

use in engines, 45. 

Hydrostatic fuel level gauge, 736. 


Ignition system troubles, 509. 

Incidence of stabilizer, 506. 
wires, use of, 174. 

Inclination of cambered aerofoils, 126. 

Indraft or inflow, 482. 

rnducccl drag of airplane, 133. 
drag, value of, 135. 

Induction compass advantages, 770. 
operation, 770. 
two-circuit, 770. 

Inductor magnetic compass, 765. 

Inertia starters, 400 

Inflation manifold, 68. 
net, 69. 
sleeve, 68, 
tube, 68. 

Influence of wing loading on perfr»rmance, 

171. 

Inherent stability, 526. 

Insect ])ests, killing by dusting. 717. 

Insects, wing area of, UKS. 

Inspection before flight, 558. 
card back, 589. 
card face, 588. 

for airplane, 587. 
of ailerons, 581. 
airplane engine. 5/)8. 
control wires, 583. 
fabric, 585. 
fuselage interior, 582. 
fuselage nose parts, 579. 
landing gear, 578. 
propeller, 566. 

stabilizers and control wdres, 582. 
wing fittings and struts. 580, 
routine, Liberty, 568, 

Wright air-cooled engines, 572. 
window, 74. 

Instability, spiral, 526. 

Installation of air-cooled engines, 283. 


aircraft engines, 269. 
air distance recorder, 753. 
flight Indicator, 764. 
magnetic compass, 767. 
motor, 558. 
oil cooler, 393. 

0X5 engine, 273. 

Pioneer engine gauge, 735. 
radial air-cooled engine, 279. 

Wasp engine, 344. 

Instruments, air and oil pressure, 732. 
air distance recorder, 752. 
airplane control aids, 725. 

navigation aids, 725. 
airship, 725. 

air si)ee(l intlicators, 745. 
board, demonstrating, 731. 

Fokker, 7.^2. 
typical, 729. 
definitions, 726, 
engine, 725. 
flight indicator, 763. 
for aircraft, 724. 
airplanes, 518. 
checking alignment, 551. 
indicating drift, 771. 
supercharged engines, 739. 
gas temperature, 775. 
lieight recording, 756. 
manometers, 773. 
rate of climb, 759. 
turn and bank indicating, 762. 
wind speed measuring, 7(A. 

Insurance and aviation, 25. 

Interior of rigid airsliip, ()11. 

Intermediate longitudinal, 64. 
transverse, 64. 

Tnlernall> braced wings, 186. 

1 Type side bracing, 188. 

Inverted engine installation, 288. 
Packard, 370. 
value of, 293. 

Items entering into air transport costs, 

J 

Jackstay, 68. 

Jig lor plywood fuselage, 217. 

Joints in plywood fuselages, 212. 

Junkers metal wings, 169. 


Keel, definition of, 64. 

Killing insects by airjdane, 717. 
King post, 144, 

Kite balloon construction, 39. 
for observatiiai, 38. 
nomenclature of, 32. 
compared with airplane, 11. 
how air supports, 11. 
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Kriedcr-Reisner airplane, 622. 

K type bracing, 187. 
side bracing, 188. 

L 

La Cierva uutogiro, 675. 

Laminated wood, 246. 

Laminations in propeller, 437 . 

Landing angle, 197. 
of helicopter, 678. 
crew, 721. 
field. 721. 

emergency, ()98, 721. 
location, cost and size, 713. 
terminal, 698. 

Landing gear, assembling in fnsehige, 534. 
Rleriol wheel tvpe, 200. 
Ruhl-Verville. 230. 

Curtiss JN4. 543. 

Curtiss wheel tyi)e, 200. 
designs, 232. 

factors determining height, 230. 

for heavy hnmber, 229. 

for heavy machine, 234, 

forms, 228. 

four wheel, 232. 

inspection, 578. 

medium weight plane, 233. 

split axle, 229. 

struts, 5o4 

three wheel, 232. 

two wheel, 232. 

wheel and skid, 232. 

wheel tread, 230. 

Wright .skid type, 200. 

S|)erry, 700. 
pancake, 527. 
precautitMis when, 522. 
speed, 528. 

T, 721. 
wire, 144. 

J.aiigley’s flying machine, 78. 
tests, 79. 

Lap pack parachute, 680. 

Large airships, 608. 

Latecoere four engine hniiihei, 053. 

T.ateral dihedral in airplanes, 183. 
stability, 526. 

T.awrencc L2 three cylinder engine, 317. 
Leading edge, 143. 

curved down, 106. 
of blade, 435. 

Left hand engine, 301. 

Leitner-Watts steel propellers, 461. 
Levasseur variable propeller, 468. 

Liberty engine, cold wwither suggestions, 570. 
inspection routine, 568. 
starting, 570. 
motor, 352. 
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end section, 356. 
longitudinal section, 355. 
oiling system, 354. 
tran.sversc section, 357, 

Lift, 142. 

and*drag forces, 100. 

Lift-drift or drag ratio, 103. 
values for planes, .103. 
value for rectangular plane, 104. 
greatest by upper wing surface, 127. 
wire, 144. 

Lifting tiower of hydrogen, 7. 

Light airplanes, typical, 618. 
effect on dope, 165. 
proof dope, 164. 

Ligliter-tlian-air craft, 30. 

Lightness important in aircraft motor, 250. 

Lightnings, effect on airship, 63. 

l.iciuid glues, 159. 

Load factor, 100. 

Loading of bird’s wings, 107. 
power, 527. 

Loads on airplane wing wires, 176. 

Lobe, definition of, 64. 

Location of landing fields, 713. 

Locniiig Amphibian plane, 672. 

IwOgarithmic decrement, 525. 

Longeron, 245. 

Longitudinal dihedral in airplanes, 181. 
section, 1 liberty motor, 355. 
slabiht}. 526. 

Low power and uneven running, 605. 

Lubricating chart, Packard engine, 376. 
system, Wright Whirlwind, 338. 

Lubrication system, Liberty niolur, 354, 

M 

Machines, bcavicr-tban-air, 8. 

iMagnalinm, 243. 

Magnetic compass, 765. 

compensation, 767. 
drag lacb(»meter, 740. 

Mail transportation, 688. 

Main dimensions of Curtiss JN4, 550. 
longitudinal, 65. 
mooring line, 68. 
panel assembly, 536. 
planes, asseml)ly of, 555. 

truing up, 561. 
supporting surface, 144. 

Iran.sverse. 65. 

Maintenance and use of ])aracliiite, 684. 

Making turns, control w’Jien, 523. 

Maneuverability, 100. 

Maneuvering valve, 68. 
valve hood, 69. 

Manometer, concentric tube, 774. 
pressure, 72. 
reservoir type, 774. 



848 


INDEX 


tube gland, 69. 
types of, 774. 
use of, 773, 

U tube, 774, 

Maple, use in planes, 239. . 

Mast main mooring line, 721, 
yaw line, 722. 

Material for air-cooled cylinders, 309. 
mass of in airplane, 24.1 
table of strengths, 241. 
used in aircraft engines, 297. 
used in engines, 385. 

Maxim’s flying machine, 77. 

Maximum horsepower, 303. 
revolutions, 303. 

Mean chord of wing, 197. 
effective pressure, brake, 302. 
geometrical pitch, 482. 

Meaning of lift and drift, 10v3. 

Measurement of drift, 771. 

Measuring gas temperature, 775. 

Mechanical type slatoscope, 776. 

Mechanism of Aneroid altimeter, 754. 

variable propeller, 469. 

Medium weight airplanes, 623. 

Mercedes engine, 352. 

Metal airship hull requirements, 57. 
material used for, 58. 
nearly lightning proof, 59. 
clad dirigible, 56. 

hull construction, 58. 
fur wing structures, 117. 
fuselage, 218. 

Wright, 219. 
hulls and floats, 656. 

' preventing corrosion of, 223. 
propellers, 457, 
construction, 459. 

Curtiss-Reed, 478. 
design, 459. 

suitable for propellers, 460. 
used in airplanes, 241. 
wing construction, 167. 

Junkers, 169. 

Rohrhach, 170. 

use of c(^rrugated sheets, 169. 
Vickers- Wibault, 168. 

Meteor nioU^r air-cooled engine, 319. 

Minimum gliding angle, 142. 
speed, 528. 

Model 2A-2500 Packard engine, 372. 

Afodcrn airplane designs, 13. 

Moisture content of wckxI propellers, 453. 

Moment, righting or restoring, 526. 

Monel metal, 243. 

Monoco(jue fuselage, 245. 

Monoplane accomplishments, 21. 
aerofoil, high lift,' 115. 
designs, 18. 
development, 21. 


empennage, 504. 

Fokker Universal, 629. 
or biplane, 146. 

Ryan flown by Lindbergh, 23. 

Spirit of St. I.ouis, 22. 

Trans- Atlantic, 222, 
wing bracing, 184. 
wing placing, 21. 

Wright Bellanca, 631, 

Montgolfier balloon, 3. 

Mooring band, 66. 
cone, 69. 

outrigger, 69. 
drag, 722. 
harness, 69. 
line, 69. 

mast, 608, 722. 
ring, 69. 
rope, 69. 
three point, 722. 

Morehouse engine, details of, 312 
specifications, 313. 
Mounting propellers, 442. 

Multi-motored air])laiies, 638. 

Multiplane, early, 76. 

Multiple cluster valve springs, 375. 

N 

Nacelle, 245. 

Navigating the N. C. boats, 779. 
Navigation, aerial, 778. 

Navigational aids important, 690. 

Navy N. C. plane wing ribs, 155. 

PNIO flying boat, 663. 

PN series flying boats, 661. 
racer, Curtiss, 657. 
starting practice, 301. 

New aerodynamic theory, 133. 

New’ York'Berlin Bellanca plane, 634. 
Night flying, 781. 
aids, 781. 

influence of weather, 784. 
Kicuport Scout, alignment drawing, 560. 
Nomenclature of blimp, 42. 

kite balloon, 32. 
non-rigid, 37. 
rigid dirigible, 36. 
Nominal gas capacity, 72. 

Noiucorroding soldering flux, 189. 
Nt»n-flexible cable, 192, 

Non-rigid cliaracteri.stics, 54. 
dirigibles, army, 609. 

Goodyear Pilgrim, 44. 
nomenclature, 37. 

TC4, 617. 

Nose heavy, 527. 

parts, fuselage inspection, 579, 

NtJtahle airship flights, 60. 

Notes on aerial navigation, 778. 

N type bracing, 187. 
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O 

Oak, use in planes, 239. 

Observation by kite balloons, 38. 
platform, 65. 

Oil cooler, Wright, 393. 
engine, solid injection, 294. 
for Wright air-cooled engines, 577. 
injection, Attendu engine, 296. 
temperature control, Wright, 390. 
too hot, causes, 606. 

Oiling system defects, 602. 

inspection of, 569. 

Liberty motor, 354. 

Packard engines, 376. 

Wright Whirlwind, 335. 

Open vs. closed pilots cockpits, 227. 

Operation of induction compass, 770. 

Organization important in commercial fly 
ing, 687. 
value of, 696. 

Oscillation, stable, 526. 
unstable, 526. 

Outboard engine installation, 268. 

Overall length, 197. 

Overhang, 197. 

Overhead suspension, 722. 

Overhung balance, 502. 

P 

Packard aircraft engines, 366. 
cylinder construction, 361. 
geared drive engine, 369. 
inverted engine, 370. 
model 2A-1500 engine, 361. 
model 2A-2500 geared engine, 372. 
oil cooled valves, 373. 

Pancake landing, 527. 

Pander liglit plane, 622. 

Panel, 144, 247. 

dnd tail surfaces, examination of, 534. 
assembly, carrier for, 538. 
assembly, testing for stagger, 538. 

Parachutes, approved types, 687. 
back pack, 684. 
control of, 682. 

equipment, requirements of, 680. 

lands airplane, 684. 

lap pack, 680. 

maintenance of, 684. 

packs, 080. 

seat pack, 680. 

size of, 682. 

types and use, 679. 

Parallel fabric, 246. 

Parasitic and induced drag, 134. 
areas of various airplanes, 137. 
co-effleient of aerofoils, 135. 
resistance, reduction of, 206. 


Parts, examination before assembly, 533. 
of spherical balloon, 30. 
wood wings, 154. 

Passenger cabin, rigid airship, 613. 

carrying important field, 688. 

Patch, 69. 
finger, 68. 

Patching duralumin sheet, 593. 

Percentage of load carried by surfaces, 128. 
Performance testing, 100. 

Period, 525. 

Permeability, 72. 

Phillip’s multiplane, 76. 

Phosphor and other bronzes, 243, 

Phugoid oscillation, 525. 

Pigmented dopes, 165. 

Pigskin tips for wood propellers, 456. 
Pilgrim-Goodyear non-rigid, S3. 

Pilots cockpits, open vs. closed, 227. 

good, essential, 24. 

Pine woods, use in planes, 239. 

Pioneer air speed indicators, 746. 
engine gauge, 733. 
flight indicator, 764. 
rate of climb indicator, 760. 
speed and drift meter, 772. 
turn and bank indicator, 764. 

Pitcairn Fleetwing airplane, 626. 

Growing airplane, 624. 

Pitch changing mechanism, universal, 476. 
ratio, 482. 
speed, 482. 

variable, in propellers, 465. 

T'lane and bird forms, 80. 
balancing principles, 87. 
forms, 79. 

in which airplane moves, 83. 
must be kept in the air, 692. 
performance, how gauged, 103. 
warping used by Wright’s, 494. 

Plates for mounting radial engines, 285. 
Plywood fuselage, weight of, 214. 
in fuselages, 211. 
joints, ill fuselages, 212. 
ribs, tests of, 161. 

.species, 215. 
table of strength, 213. 
tensile strength table, 215. 
weight and thickness of, 162. 

Poplar, use in planes, 240. 

Positive and hack stagger. 149. 

driven supercharger, 302. 

Possibilities of aviation, 24. 

Power absorbed by radiator, 275. 
car, non-rigid airship, 616. 
loading, 527. 

needed, factors influencing, 262. 

to overcome air resistance, 14. 
plant, inspection of, 568. 
reliability main essential, 248. 



850 


INDEX 


troubles, 597. 
types, airplane, 248. 
weight, fixed, 302. 
requirements of airplanes, 98. 
stroke, 262. 

Practice necessary to learn flying, 524. 
Pratt and Whitney Wasp engine, 340. 
Precautions when landing, 522. 

Pressure, air, influence of speed on, 17. 
distribution on aerofoils, 122. 
distribution on monoplane wing, 154. 
flap, 69. 
height, 72. 
relief vent, 70. 
tube, 70. 

values on wing surface, 127. 

Principles of aneroid altimeter, 754. 
autogiro, 676. 

Bourdon tube gauges, 733. 
helicopter, 677. 
screw, 430. 

Profile, wing drag, 141. 

Projected propeller area, 482. 

Proofing, 247. 

Propellers, Bakelite, 449. 
balancing, 439. 
blades, shaping wood, 439. 

steel for, 460. 
camber ratio, 483. 
checking procedure, 440, 
definitions, 435. 

De Grandeville, 448. 
design, empirical rules for, 435. 

Dick, 466. 

drive gear, epicyclic, 472. 
effect on tandem mounting, 465. 

Hart and Eustis variable, 470. 
how Bakelite arc made, 451, 
hub, fitting to shaft, 444. 
inspection of, 566. 
interference, 483. 

Leitner-Watts construction, 461. 

Levasseur, 470. 

load curve, 483. 

made of lamination.s, 437. 

manufacturing practice, 436. 

metal, 457. 

mounting, 442. 

overlap in multi-engine types, 464. 
pitch, consideration of, 432. 
rake, 483. 

reinforcing girder, 70. 
section, 483. 
storage, 441. 
thrust, 483. 
tips, fabric, 456. 
pig.skin, 455. 
protection for, 453. 
torque, 483. 

Universal adjustable, 474, 


variable pitch, 465. 
width ratio, 483. 

Properties of cambered aerofoils, 105. 
duralumin, 219. 
wood glues, 158. 

Proportions of control to main wing area, 
509. 

Propulsive efficiency, 483. 

Protection against moisture, 454. 

P. R. T. air service, 708. 

Pterodactyl airplane, 514. 

Purification of helium, 34. 

Purity of gas, 72. 

Pusher propeller, 481. 

Q 

Quadrant, 70. 

R 

Race rotation, 483. 

Racing airplanes, 131. 

Radial air-cooled engine troubles, 603. 
cylinder disposition, reason for, 305. 
engine, Caminez, 320. 

Detroit, air-cooled, 326. 
exhaust, dispesition of, 287. 
installation, 280. 
meteormotor, 319. 
mounts, 285. 

Pratt & Whitney Wasp, 339. 

Super Rhone, 329. 

Wright Whirlwind, 330. 

Radiator in center section, 278. 
in fuselage nose, 276. 
location important, 271. 
location of, 276. 
power absorbed by, 275. 
resistance of, 274. 
wing curve type, 278. 

Radio direction C(»nipass, 771. 

Rain, influence on airships, 62. 

Ram, 722. 

Range, at economic speed, 527. 

full sj)ce(l, 527. 

Rate of climb, 100. 

indicator, 759. 

Rated horsepower, 303. 

Rear •stabilizer in airplanes, 505. 

Recording air speed meter, 748. 

anemometer, 765. 

Recovering airplane wings, 591. 

Rectangular plane least efficient, 150. 
Redwood, use in planes, 240. 

Reed metal propeller, 458. 

Relation of size to weight increase, 46. 
Relative position of C.G. and wheel contact 
line, 227. 

weights, aircraft engines, 252. 
wind, 100. 
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Remin^on-Burnelli airplane, 645. 

Repairing tubular fuselage, 595. 

Repairs needed in training planes, 590. 
Requirements of commercial planes, 692. 

navy seaplanes, 667. 

Reservoir type manometer, 774. 

Resistance derivatives, 525. 
of aerofoil sections, 15. 
air, 14. 

radiators, 274. 
power to overcome, 262. 
reduction of parasitic, 206. 
values affect horsepower, 96. 

Reverse or back of inspection card, 589. 
turn, 527. 

Reversible propeller, 474. 

Revolutions, maximum, .30.3. 

Reynolds number, 142. 

Ribs, strength of light, 155. 

test of plywood, 161. 

Rigger, 74. 

Rigid airship gas bags, 612. 
interior, 611. 

type airship advantages, 607, 

Rigging, 74. 

diagrams, 537. 

Right hand engine, 302. 

Righting moment, 526. 

Rip cord, 70. 
panel, 70. 

Rohrbach control surfaces, 172. 
metal wings, 170. 
sub-divided wings, 173. 

Roll, a maneuver, 527. 

Roots blower discharge varies, 425. 

blower for supercharging, 424. 

Rotary blower super-charger, 302. 
engine, 302. 

installation, 280. 
resistance derivatives, 525, 

Rotating wing airplane, autogiro, 674, 

Round swaged wire, 193. 

Routine inspection, Wright J5, 573. 
inspection, Wright model J4A and B, 572. 
of inspection, water-cooled engines, 568. 
Rudder, 70, 245. 

and elevators change functions, 523. 
and tail skid interconnected, 507. 
angle, 142. 

control adjustment, JN4, 546. 

Curtiss JN4, 544. 
torque, 142. 

Rules, general, for assembly and alignment, 
552. 

Ryan Ml monoplane, 620. 


Safety factors, air-cooled cylinder parts, 309. 
Buhl-Verville CW3, 628. 


loop, 70. 

of rigid airships, 61. 

Sag in airships, 73. 

Sandbag line, 70. 
loop, 70. 

Savage-Bramson anti-stall gear, SIS. 
Schedule of weights and moment arms, 489. 
Screw overlap wdth multi-engine, 464. 
principle of aerial, 430. 
propeller action, blade theory, 434. 

action, disc theory, 434. 
when working in air, 432. 

Sea anchor, 70. 

Seaplanes, advantages of, 659. 
alighting gears, 237. 
and flying boats, 656. 
and flying boats, pre-war, 90. 
development, progress in, 668. 
requirements of navy, 667. 

Seat pack parachute, 680. 

Securing uniform pressure distribution, 151. 
Semi-rigid dirigible, nomenclature, 39. 
Service ceiling, 527. 
tank, 74. 

Shaft for tachometer drive, 744. 

Shock absorber, 245. 

Shore, a structural member, 722. 

Short Satellite, 620. 

Side bracing of airplane wings, 187. 
Sideslipping, 527. 

Side wind, flying in, 522. 

Single float gear, 237. 

seat scouting planes, early, 88. 

Six cylinder engine, Beardmore, 381. 

Size of landing fields, 713. 
parachutes, 682. 

to weight increase, relation of, 46. 

Skid fin, 144. 
for airplane tail, 236. 
swinging tail, 507. 
wing and tail, 245. 

Skidding, 527. 

Skin friction, 142. 

Skipping motor, 599. 

Sky writing, 527. 

Slip, 435, 483. 

Slip- fuel tank, 74. 

Slip function, 483. 

Slip stream, 484. 

Slotted wings for low speeds, 511. 

Snatch block anchorage, 722. 

Soaring, 528. 

birds, wing area of, 109. 

Soldering and serving, 195. 

Some general design factors, 92. 

Span of aerofoil, 143. 

Specific fuel or oil consumption, 303. 
Specifications, Bleriot four engine airliner, 
653. 

Buhl-Verville CW3, 629. 
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Caproni CA73, 643. 

C.P.A.l monoplane, 644. 

Curtiss Carrier Pigeon, 636. 

Curtiss Falcon, 637. 

Curtiss JN4, 552. 

Curtiss V-1400, 381. 

Fokker, F VII, 650. 

Fokker Universal, 631. 

Heinkel twin motor, 641. 

Lattoere bomber, 655. 

Pander light plane, 623. 

Pitcairn Fleetwing, 626. 

Pitcairn Growing, 625. 
Remington-Burnelli, 647. 

Super Rhone, 329. 

U. S. Navy, PN7, 662. 

Wasp engine, 346. 

Wright Bcllanca, 634. 

Wright engines, 336. 

Wright Morehouse engine, 313. 
Wright Tornado engine, 365. 
Speeds and altitude, 716. 
critical, 528. 
economic, 528. 

effect on control surface, 507. 
increases air pressure, 17. 
lack of, a drawback, 78. 
landing, 528. 
minimum, 528. 
possibilities, future, 132. 
weights and i)anel areas, 111. 
Sperry airway beacon, 700. 

landing light, 700. 

Spherical balloons, in military work, 
operation, 31. 

Spin, a maneuver, 528. 

Spinner, 481. . 

Spinning nose dive, cfirrcction ol, 
Spiral, a maneuver, 528, 
instability, 526. 

Spirit of St. Louis, monoplane, 22. 

section of, 222. 

Spliced cables, tests of, 196. 

Split axle landing gear, 229, 

Spruce, use in planes, 240. 

Square airport illumination, 700. 
Square-cube law, 46. 

Stability, automatic, 526. 
directional, 526. 
dynamic, 526. 
inherent, 526. 
lateral, 526. 
longitudinal, 526. 
static, 526. 

theory, terms of, 525. 

Stabilizer, 75. 
adjustable, 507. 

and control wire inspection, 582. 

incidence, 506. 

rear, function of, 505. 


Stable oscillation, 526. 

Stacks for exhaust disposal, 287. 

Stagger, back, 149. 
how to test for, 538. 
positive, 149. 
wire, 144. 

Stall condition, delaying, 513. 

Stalling, danger in, 522. 

Standard nomenclature, 787. 
pitch, 482. 

Starters, Aeromarine, 396. 

Starting Liberty engine, 570. 
methods, engine, 300. 

Wriglit Whirlwind motor, 575. 

Static ceiling, 72. 
lift in aerostats, 142. 
stability, 526. 
thrust, 484. 

Statoscope, bubble type, 776. 
mechanical type, 776. 
use of, 776. 

Stays and struts, 247. 

Steel, chrome molybdenum, 224. 
for fuselage con.struction, 223. 
heat treated alloys, 224. 
medium carbon, 224. 
propeller blades, 460. 
use in airplanes, 241. 

Step, 245. 

Stern droop, 73. 
framing, 65. 
heavy, 73. 

Stick and dep control compared, 498. 

Storage of wood propellers, 441. 
Stratosphere, nature of, 5. 

Streiimline flow and forms, 143. 
forms, 207. 
wire, 192. 

Strength of light ribs, 155. 

3 ply panels, 273. 
wooden bars, 243. 
tensile, of plywood, 215. 
weight ratio, engine materials, 297. 

String and straightedge method, 547. 
Structural parts, power needed by, 98. 
Structure of atmosphere, 5. 

Struts, landing gear, 564. 

Sub divided metal wings, 173. 

Suction stroke, 260. 

Suggestion for student in flying, 519. 
Sunbeam aviation engines, 387. 

Sun compass, 771. 

Superboats by Junkers, Rumplcr and Ricci 
Brothers, 670. 

Supercharged engine, 302. 

instruments for, 739. 
Superchargers, centrifugal, 302, 422. 
exhaust driven turbo, 421. 
forms of, 420. 
gear driven, 423. 
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positive displacement, 421. 
positive driven, 302. 

Roots blower, 424. 

Rotary blower, 302. 

Turbo type, 302. 
why used, 419. 

Supercharging: control, 427. 

explained, 420. 

Superheat, 73. 

Super Rhone engine, air-cooled, 327. 

Supply tube, 70. 

Surface, balanced, 74. 

Surface maneuvering, influence on floats, 659. 
Suspension band, 66. 
bar, 70. 
line, 71. 
patch, 71. 

Sweep back, 198. 

.Swinging tail skid, 507. 
the stick, 394. 

Sycamore, use in ])lanes, 240. 

T 

Tabic I, air resistance, 14. 

Table II, wind pressure at various velocities, 
17. 

Table III, scale of wind force, 80 
Table IITA, power requirements of early 
airplanes, 99. 

Table IV, square feet wing area per pound 
weight, 108. 

Table V, value of nature’s and man’s flying 
machines, 109. 

Table VI, percentage of total load carried, 
128. 

Table VII, parasite co-eflicients of various 
airfoils, 135. 

Table VITI, parasite area of various air- 
planes, 137. 

TJable IX, 3 ply panels, 213. 

Table X, tensile strength of plywood, 215. 
Table XI, thicknes.s factors for veneer, 216. 
Table XII, strength of materials, 241. 

Table XIII, strength of w'ooden bars, 243. 
Table XIV, pre-war aviation engines, 281, 
Table XIV con’t., post war engines, 282. 
Table XV, air resistance of engines, 292. 
Table XVI, strength-weight ratio, 297. 

Table XVII, aluminum alloys, properties, 
298. 

Table XVIII, factors of safety, air-cooled 
cylinder, ,309. 

Table XIX, centrifugal force, 455. 

Table XX, schedule of weights, etc., 489. 
Table XXI, Proportions of control area, 509. 
1 able XXII, characteristics of Amphibians, 
674. 

Table XXIII, air speed correction, 750. 
Tachometer, air drag, 740. 


air leak, 740. 
centrifugal, 740. 
chronometric, 740. 
drives, 744. 
magnetic drag, 740. 
use of, 740. 

Tail boom, 245. 
group, 75. 
heavy, 529. 

of bombing plane, 506. 
skids, airplane, 236. 
slide, 529. 

spin, cause and correction, 523. 
surfaces and ailerons, 509. 

Take-off, high speed necessary, 521. 
how to, 520. 

Tandem mounting, effect on propellers, 465. 
Tank, fixed fuel, 74. 
mounting, Pitcairn, 600. 
service, 74. 
ship fuel, 74. 

Taxi, to, 529. 

Temperature control, Wright, 390. 

of gas, measuring, 775. 

Tensile strength of plywood, 215. 

Terminal field, typical, 698. 

Terms of stability theory, 525. 

Testing pitch of propeller blades, 446. 

propeller for track, 446. 

I'ests of spliced cables, 196. 

Thermometers, distance type, 738. 

Foxboro, 738. 

Thermf)Sphere, region of, 5. 

Thick wing, American long chord type, 116. 
section, German, 116. 
stout type, 116. 

Thickness factors for veneers, 216. 

Thimbles, 71, 193. 

Three cylinder engine, Lawrence L2, 317. 
engine airplanes, 265. 
ply panels, strengtli of, 213. 
point mooring, 722. 

ship passenger airline investment, 70S. 
wheel landing gear, 232. 

T, landing, 721. 

Tip of screw, 435. 

Toggle, 71. 

Topping up, 71. 

Total disc area, 483. 

Towing an airplane, 564. 

Tractor propeller, 481. 

Trailing edge, 143. 
wing flap, 512. 

Training planes, repairs needed in, 590. 
Trajectory band, 66. 

Translatory resistance derivatives, 525. 
Transverse section. Liberty motor, 357. 
Travel of center of pressure, 105. 

Tread of wheels in landing gear, 230. 
Troposphere, nature of, S. 
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Trim, 73. 

Troubles, engine, 597. 

air speed indicators, 750. 
fuel system, 600. 
oiling systems, 602. 
radial air-cooled engines, 603. 
tracing in air speed meter, 751. 
water-cooling system, 602. 

Truing up main planes, 561. 

Truing up the fuselage, 559. 

Tubing for fuselages, 218. 

Tubular fuselage, repairing, 595. 

Turbo type supercharger, 302. 

Turn and bank indicator, 762. 

reverse, 527. 

Turnbuckle sizes, 193. 

Two circuit induction compass, 770. 

engine airplanes, 265. 

Twin pontoons or float gear, 237. 

Types of dirigibles, 7. 

Typical alignment drawing, 559. 
light airplanes, 618. 

U 

Uniform pitch, 435. 

Universal adjustable propeller, 474. 
Unpacking airplane, 530. 

Unstable oscillation, 526. 

U. S. Army bracing wire practice, 191. 

U. S. Army non-rigid TC4, 617. 

U. S. Army thick sections 6 and 8; 120. 
U. S. Army thick sections 9 and 13; 121. 
U. S. Army thick sections 16 and 17; 122. 
U. S. Army thick wing sections, 120. 

U. S. Army wing sections 10, 11, 16, 17; 125. 
U. S. Army wing sections, 1, 5 and 6; 124. 
U. S. Navy doping practice, 164. 

U. S. Navy practice for metal ribs, 168. 
Useful lift, 72. 

load and total weight relation, 93. 

Use of ballast in dirigibles, 50. 

corrugated metal in wings, 169. 
parachutes, 679. 
veneer in wings, 154. 
vertical rudder, 10. 

U tube type manometer, 774. 

V 

Value of induced drag, 135. 

nature’s and man’s flying machines, 109. 
Valves and timing, Wriglit Whirlwind, 338. 
automatic, 66. 
hood, 71. 
maneuvering, 68. 

Packard oil cooled, 373. 
petticoat, 71. 
seal, 71. 

.springs, multiple cluster, 375. 


V and W type engines, 302. 

Variable pitch, propellers, 465. 

Dicks, 468. 

Hart and Eustis, 4701 
Levasseur, 468. 

Variation of air pressure, 492. 

Vegetable glues, 159. 

Veneer, 247. 
for leading edge, 154. 
strength of, 215. 
thickness factors for, 216. 

Vertical rudder, use of, 90. 

.stabilizer, Curtiss JN4, 544. 

Volume, 72. 

V type bracing, 187. 

V wires, 71. 

W 

Walkway girder, 71. 

Walnut, use in planes, 239. 

Warm air, ascensional power of, 6. 
Warming up engine, 520. 

Warping wing, 529. 

Wash-in and wash-out, 198, 540. 

Wash or wake, 101. 

Wasp engine, 340. 

Waste of gas, preventing, 48. 

Water-coolctl cylinder development, 358. 
dry sleeve, 359. 

Packard, 361. 
wet sleeve, 360. 
Water-cooled engines, 347. 

designing into aircraft, 288. 
inspection routine, 570. 
troubles, 254. 

Wright, 363. 

Water-cooling system troubles, 602. 

Water in exhaust gas, 49. 
recovery apparatus, 49. 
value of, 47. 

Weather, influence on niglit flying, 784. 
Weekly airplane inspection card, 587. 

Weight and thickness of plyw’ood, 162. 
consumable, 72. 
distribution in airplane, 225. 
empty, 101. 

of air-cooled engines, 254. 
per horsepower, 303. 

.speed and panel areas, 111. 

Westland Widgeon, 620. 

Woodpigeon, 620. 

Wet sleeve cylinder development, 360. 

Wheel and skid gear, 232. 
brakes for airplane, 231. 

Sauzedde airplane, 231. 
tread in landing gear, 230. 

Whitewood, properties of, 240. 

Why estimates of flying cost conflict, 711. 
small control surfaces are effective, 493. 
wing sections vary, 113. 
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Wide advancing edge advantageous, 79. 
WilW, use in planes, 240. 

Winch suspension, 71. 

Wind, effect on airship operation, 62. 
force table, Beaufort, 86. 
gusts, effect of, 492. 
nature of, 4. 
pressure table, 17. 
relative, 100. 
tunnel, what it is, 138. 

Window, inspection, 74. 

Wing and fuselage alignment, 547. 
and wing ribs, 144. 
area of birds, 107. 
insects, 108. 

proportion of control surface to, 509. 
construction, wood and fabric, 153. 
covering fabric, 162. 
curve tvpe radiator, 278. 
dihedral, 198. 
fabric, how fastened, 166. 
fittings and struts, inspection of, 580. 
flaps, as landing brakes, 518. 
flap, trailing, 512. 
having varying camber, 130. 
heavy, 529. 
loading, 198. 

loading, effect on aerofoil design, 110. 
of birds loading of, 107. 
placing on monoplanes, 21. 
ribs with plywood webs, 150. 
ribs with trussing, 157. 
sections vary in design, 113. 
skeleton structure, Pitcairn, 110, 
slotted, 511. 
spar, 145. 

structures of metal, 117. 
surfaces, load carried by, 128. 
truss, 145. 

tunnel, short definition, 143. 
with fixed center of pressure, 514, 
\^ire bracing arrangements, 190. 
bracing of airiilane wings, 185. 
suspension in dirigibles, 65. 


Wolfranium, 243. 

Wood and fabric wings, 153. 
and wire truss fuselage, 209. 
bars, transverse strength of, 243. 
for airplane parts, 237. 
glues, properties of, 158. 
propeller difficulties, 4.53. 
manufacturing, 436. 
of thin laminations, 444. 
tip protection, 453. 
used in veneers, 215. 
wing parts, 154. 

Wright Bellanca monoplane, 631. 

Wright Brothers, first flights of, 78. 
starting system, 199. 
catapult launching gear, 202. 
Wright engine, cold weather cautions, 578. 
failure to start, 576. 
fuel for, 577. 
inspection routine, 572. 
oil for, 577. 

Gale L4 engine, 318. 

J5 engine, 331. 

Morehouse engine, 311. 
system of plane warping, 494. 

Tornado engine, 365. 
water-cooled engines, 363. 

Wliirlwind, J4A engine, .330. 
starting, 575. 


Y alloy, 386. 
Yaw line, 71. 


Zenith carburetor adjustment, 601. 

duplex carburetor, 415. 

Zepellin dirigible, details of, 41. 
Zero lift angle and line, 142. 
thrust, 482. 
torque, 482. 

Zoom, a maneuver, 529. 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 

ALLOYS AND ALUMINUM 


MITALS AHD THEIR ALLOYS. By Charles Vickebb. 

TI^ work is intensely practical, and Is Indispensable to everyone interested in metals 
and their alloys. The owner, manager, metallurgist, chemist or the worker in the 
shop will And here information that heretofore has been so difllcult to obtain. It deals 
with metals from their origin to thdr useful application, both individually and as parts 
of alloys, used where strength, ductility, tougimoss, durability, lightness, color, hard- 
ness, cheapness, conductivity or bearing properties are demanded. The chapters 
on the casting of copper, the making or manganese bronze, aluminum bronze, 
aluminum alloys, red orass, yellow brass, steam metals, bearing metals, babbitts, 
white metals, phosphor bronze, gun metals and nickel alloys are crowded with for- 
mulas, tested and tried, together with the physical properties of the alloys and their 
casting peculiarities. It is a treasure-house of Information for the metal worker, 
a convenient reference for the trained technical man, and a source of Inspiration for 
the engineer who must select alloys most suitable for his work. 800 (6x9) pages. 
110 illustrations, l^ico $7.60 

METALLURGY OF ALUMINUM AND ALUMINUM ’ALLOYS. By Robert 
J. Anderson. 

This volumes is a modem, authoritative treatise on the metallurgy of aluminum and 
its light alloys, and covers the subject fuUy from tlie mining of the ores to the fab- 
rication and applications of the metal. While it has been written especially with a 
view to bei^ practical, the more thiM^retictal aspects of the subject have not lH)en 
neglected. The origin, occurrence and distribution of aluminum ores and methods 
of mining are taken up in an early ciiapter, while the production of aluminum itself 
by modem electrolytic methods is also discussed. The us(«s and applicuitions of the 
metal and its alloys are treated in detail. Consuloi'ablo attention is given to the 
preparation of alloys for casting and working, and the most approved methods for 
preparing the principal alloys are taken up. The best methods of melting, together 
with descriptions of the principal typos of furnaces, are given detailed treatment. 
The founding of aluminum alloys, including casting losses and defects, is discussed 
quite fully, and the information will bo of great value to foundrymon in the successful 
production of castings. 900 pages (6x9). 295 illustrations. Price , . $10.00 


AUTOMOBILES 


THE AUTOMOBILISrSTOCKET COMPANION AND EXPENSE RECORD. 

By Victor W. Pag^. 

This book is not only valuable as a convonient cost record, but contains much In- 
formation of value to motorists Includes a condensed digest of auto laws of all 
States, a lubrication schedule, hints for care of storage battery, and care of tires, 
location of road troubles, anti-freezing solutions, horse-power table, driving hints 
and many useful tables and recipes of interest to all motorists. Pocket size. I'rJco 

$ 1.00 

AUTOMOBILE WELDING WITH THE OXY-ACETYLENE FLAME. By 

M. Keith Dunham. 

Explains in a simple manner apparatus to be used, Its care, and how to construct 
necessary shop equipment. Proceeds then to the actual welding of all automobile 
parts, in a manner understandable T»y everyone. Givas principles never to bo for- 
gotten Tills book is of utmost value, since the periiloxing problems arising when 
metal is heated to a melting point are fully explained and the proper methods to 
overcome them shown. 167 pages Fully Dlustratod. Price $1.50. 

HINTS AND TIPS FOR AUTOMOBILISTS. By Victor W. Pao£. 

The book Is ideal for the busy man or woman who wants to know about car operation 
and upkeep because of the economies jiossiblc when an automobile* is lnt<*lligently 
opera tcxl. It contains many money-saving liints and a brief simple exposition of 
location and remedy of roadside troubles apt to occur under ordinary operating 
conditions. Price 76 cents 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


AUTOMOBILE REPAIRING MADE EASY. By Victor W. Pag£, M.E. 

A comprehonsivtL practical exposition of every phase of modem automoblic repairing 
practice. Outlines every process incidental to motor car restoration. Gives plans for 
workshop construction, suKRestions for equipment, power needed, machinery and tools 
necessary to carry on the busintiss successfully. Tells how to overhaul and repair all 
parts of all automobiles. Every thing is ex pbiinccl so simply that motorists and students 
can acquire a full working knowledge of automobile repairing. This work starts with 
the engine, then considers carburetion. ignition, cooling and lubrication systems. "I'he 
clutch, change-speed gearing and transmission systc^m are considiiped in detail. Contains 
instructions for repairing all typos of axles, steering gears and other chassis parts. 
Many tables, short cuts in figuring and rules of practice are given for the mechanic. 
Explains fully valve and magniito timing, “tuning” engines, systematic location of 
trouble, repair of ball and rolliT bearings, shoo kinks, first aid to injured and a multi- 
tude of subjects of iuU^rest to all in the garage and re[>air business. 

This book contains svecial instructions on drctric starting, lighting and ignition systems, 
tire repairing and rebuilding, autogenous welding, brazing and soldering, heat treatment of 
steel, latest timing practice, eight and twelve-cylinder motors, etc, 5^x8. Cloth. 1060 
pages, 1,000 illustrations, 11 folding plates. Price . $3.00 

WHAT IS SAID OF THIS BOOK: 

“ ‘Automobile Repairing Made* Easy* is the b(‘st book on the subject I have ever seen 
and tiie only book 1 iwer .saw that is of any value in a garage.” — Fred Jeffrey, Martins- 
burg. Neb, 

”1 thank you for ‘\ulomobil(^ Repairing Made Easy * I do not think it could be 
exet^lled.”— S. W. (iisriel, Dln^ctor of Instniclion, Y. M. G. A., Pliiladelphia, Pa. 

AUTOMOBILE STARTING, LIGHTING AND IGNITION SYSTEMS. By 
Victor W. Page, M.E. 

'rhis practical volume has been written with special referenda to the requirements of the 
non-tcchnical reader desiring easily understood, (explanatory matter, relating to all 
typos of automobile ignition, starting and lighting systems. It (^an bo undiTslood by 
anyone, i^ven without iJectrical knowledge, biscaiise eJ(‘m(‘ntar.v (jlectrical principles an* 
considertHl before any attempt is madi^ to discuss f(‘atures of the various systims 
These basic principles are clearly stated and illustratiHi with simple diagrams All the 
leading systems of starting, lighting and ignition have been described and illustrated with 
the co-operaiion of the experts employed by the manufacturers Wiring diagrams are 
shown in both technical atui non-tt'chnical forms All symbols are fully explaim'd It 
is a comprehensive review of modern starling and ignition system practice, and includc's 
a complete exposition of storage battery constmction, care and n'pair. All types of 
starting motors, generators, magnetos, and all ignition or lighting systc'in units are 
fully explained The systems of cars aU’eady in use as well as tliose that are to come 
are considered Every person in the automobile business needs this volume. 

Cloth. 892 pages, 503 illustrations,' over 325 Wiring Diagrams. Price . $3.00 

HOW TO RUN AN AUTOMOBILE. By Victor W. Pag^. 

This treatise gives concise instructions for starting and running all makes of gasoline 
automobiles, how to care for them, and gives distinetivo featun^s of control. De- 
scribes ev(iry sU'p for shifting gears, ctuitrolling engiie*, etc. Among the chapters 
contained an*- 1. AutoinobiU^ Parts and Their Functions II General Starting 
and Driving Instructions. III. Control .Systimis — Care of Automobiles. Thoroiiglily 
illustrated. 178 pages 72 illustrations. Price . . $1.00 

THE MODEL T FORD CAR, ITS CONSTRUCTION, OPERATION AND 
REPAIR, INCLUDING THE FORDSON FARM TRACTOR, F. A. LIGHT- 
ING AND STARTING SYSTEM, FORD MOTOR TRUCK. By Victor 
W. Pac^j. 

This is the most- complete and practi(;al instruction book (^ver published on the Ford 
ear and Fordson tract, or. .Ml ])arts of tiu'. Ford Modc'l T car and Fordson tractor 
are described and illuslTalcd in a eoniprehcmsivo maimer. The construct ion is 
fully treaU'd and operating ])rineiplo made clc'ar to everyone. Comidete instructions 
for driving and repairing an*. giviMi To tlu^ New Revised Edition matter has been 
added on tim Ford Truck and Tractor ConvcTsion l^ets and Genuine Fordson Tractor. 
All parts are described All re])air proces.s(\s illustrated and fully I'xplained. Written 
so all can undcTstand - no theory, no guesswork. New n^visini and (uilarged Edition 
just published. 187 illustrations, 455 pages, 2 large folding plates. Price . $2.00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


THE MODERN GASOLINE AUTOMOBILE— ITS DESIGN, CONSTRUC- 
TION, OPERATION AND MAINTENANCE. By Victor W. Pag£, M.E. 

Just off the press — New 192S Edition. TJiis is the most complete automobile book 
ever Issued, Covers every recent improvement in relation to the automobile. A 
complete illustrated description of the new Ford Model A Car Is includtid. Tills is 
tile most complete, practical and up-to-date treatise on automobiles and their com- 
ponent parts ever publishtd. All iihases of automobile constniction, operation 
and maintenance are fully and completely flosiTibed and hi lannuape anyone can 
understand. Every part of all tyjws of automobiltw from light cars to h(*avy motor 
trucks and road tractors is dcscriiMwi in a thorough manner; not only tlw^ automobile 
but every item of its equipment, accessories, tools m^ocied, supplies and spare parts 
necessary for its upkeep, are full> discussed. It fully consiciers th(i pow*T plant and 
its auxiliaries, also chassis and body construction in minute detail. All latest develop- 
ments, such as high speed motors, sleeve valves engines, straight eight eiigincjs, air 
cleaners, fuel filters, oil seiiarators and rectifiers and numerous other developments 
are considered in detail The latest ignition, carburetor and lubrication iiractice 
is outlined. N(‘W forms of change speed g(‘a.rs, and final power transmission systems, 
and all latest chassis improvTinients are shown and described, such as four-whei^l 
brakes, air brake, systems, balloon tires, hypoid gear drlvi\ four-wheel drive, front- 
drive, etc. 

1’'he largo demand for the previous (editions of tliis book, this being tlu' sixth time 
th(5 book has been comple.tely revised an<i entirely reseat., makes it jiossiblc to treat 
in detail all the latest improvt‘riH*nt.s, including the new Model A Ford car. 

This book has been the standard for many years, and is used in practically every auto- 
mobihi school, college and university as a t<»xtbook — and by tho United States Army 
and Navy. 1000 new illustrations 1150 (fixO) pag(«. rrico .... $6.00 

WHAT IS SAID OF THIS BOOK: 

“It is tho best book on tho Automobile seen up to datci.” — J. IT. Pile. Associate Editor 
Automobile Trade Journal 

“Every Automobile Owner has use for a book of this character.” — The Tradesman. 
“This book is superior to any treatise heretofore published on tho subject .” — The 
Inventive Age. 

THE MODERN MOTOR TRUCK, ITS DESIGN, CONSTRUCTION, OPERA- 
TION AND REPAIR. By Victor W. PAofi. 

Treats on all types of motor trucks and industrial tractors and trailers. It considers 
all types of trucks, gasoline and electric, and all varieties of truck bodhjs. Tliis oook 
is written in language evtTyoru^ can understand and is not in any of the word 
a technical treatise It is a ])ractJcaJ volume that will inak(‘ spiTial ajipcal to tho 
truck driver who seeks to better his position and to mechanic charged with the 
repair and upkeep of trucks Th(>- factory or business exeeulivti who wants to obtain 
a complete working knowledge of tnu^k ojMTation prolilems will find this book a rcfiir- 
ence work of great; value Th( truck sal('.sman or automobile dealer will find that 
this work contains information that- means raoiu^y to them. All garage and service 
s!;arion m(iii should have a copy of tliis book for refereruMs bcAmusii truck construction 
(lilfers from passenger ear d(‘sign in many important resiieet-s. Anyone who reads 
tliis book is in toin'h with all the practical featimw tli;it nave Ijeen tinted out in real 
servict^. Cloth (0x9) 902 pages, 750 illustrations l^j‘i(!e $4.00 

GASOLINE AND KEROSENE CARBURETORS, CONSTRUCTION, IN- 
STALLATION AND ADJUSTMENT, l^y Vktou W. Pao^. 

This is a simpU^, comprehensive*, and authoritative^ treatise for practical mem ex- 
plaining all basic principles piTtaining U) carburetion, sliowiiig how lupiid fuels are 
vaporized and turned into gas for operating all types of internal combustion engine^s in- 
tendcMl to operate on vapors of gasoline, kiTosi’ine, benzol, and aleoiiol . A II heading types 
of (Carburetors are described in d(*tail, spe*cial attention Ix’ing given to tlie; forms devised 
to use the cheaper fucMs such as kerosene Carburetion troifiiles. fuel systemi troubles, 
carbim*tor repairs and Installation, electric primers and ee'oiiomizers, liot spot mani- 
folds and all modejrn carburetor developments an* eonside're'd in a thorough manner. 
MeH;hods of adjusting all type*s of carbiinctors are fully dJseiissed as well as sugges- 
tions for securing maximum fuel economy and obtaining higlie'st engine? power 
This book is invaluable to reniairmen, st.udi?nts. and motorists, as it meludes the 
most ('ornpleto exposition on keirosene carbure’iors e*ve!r jiublished. 'Fhe dtawings 
showing carburetor construction are made from accurate engineering designs and 
show all parts of late types of carburetors. 2i;i pagejs, 89 illustrations. , $2.00 
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AUTOMOBILE, AVIATION AND MOTORCYCLE CHARTS 


AVIATION CHART-LOCATION OF AIRPLANE POWER PLANT TROUBLES 
MADE EASY. By Major Victor W. Paq^, A.S., S.C.U.S.R. 

A large chart outlining all parts of a typical airplane power plant, showing the points 
whore trouble is apt to occur and suggesting remedies for the common defects. In- 
tended especially for aviators and aviation mechanics on school and held duty. 
This chart^was published during the year 1917, Price 80 cents 

AUTOMOBILE CHARTS 

GASOLINE ENGINE TROUBLES MADE EASY-A CHART SHOWING 
SECTIONAL VIEW OF GASOLINE ENGINE. Compiled by Victor W. 
Pag£, M.13. 

It shows clearly all parts of a typical six-cylindcr gasoline engine of the four-cycle 
typo. It outlines distinctly all parts liable to give trouble and also details the de- 
rangements apt to interfere with smooth engine operation. 

Valuable to students, motorists, mechanics, repairmen, garagemen, automobile sales- 
men. chauffeurs, motorboat owners, motor-truck and tractor drivers, aviators, motor- 
cyclists, and all others who have to do with gasoline power plants. 

It simplifies location of all engines troubles, and while it will prove invaluable to the 
novice. It c^n be ustid to advantage by the more expert. It should bo on the walls of 
every public and private garage, automobile repair shop, club house or school. It can 
be carried in the automobile or pocket with ease, and will insure against loss of time 
when engine trouble manifests itself. 

This sectional view of engine is a complete review of all motor troubles. It is prepared 
by a practical motorist for all who motor. More information for the money than ever 
liefore offered. No details omitted. Size 25x38 Inches. Price ... 86 cents 

LOCATION OF CARBURETION TROUBLES MADE EASY. Compiled by 
ViCToii W. Page, M.E. 

This chart shows all parts of a typical pressure f(iod fuel supply system and gives 
causes of trouble, how to locate defects and means of remedying them. Size 24x38 
Inches. Price 86 cents 

LOCATION OF FORD ENGINE TROUBLES MADE EASY. Compiled by 
Victor W. Page, M.E. 

This shows clear sectional views depicting all portions of the Ford power plant and 
auxiliary groups. It outlinos clearly all parts of the engine, fuel supply system. Igni- 
tion group and cooling system, that are apt to give trouble, detailing all derangements 
that arc liable to make an engine lo.so power, stait hard or work Irregularly. This 
chart is valuable to students, owners, and drivers as it simplifies location of all engine 
faults. Of great advantage as an instructor for the novice, it can bo used epually well 
by the more ex|)eTt as a work of reference and review. It can be carried in the tool- 
b()X or pocket with ease and will save its cost in labor elimiimt(d the first time engine 
trouble manlfc^sts itself. Pnipared with special reft^rence to the average man’s needs 
and is a practical review of ail motor troubles because it is biisod on the actual ex- 
perience of an automobile engineer-mechanic with the mechanism the chart describes. 
It enabl{« the non-tec^hnical owner or operator of a Ford car to locate engine de- 
rangements by systematic search, guided oy easily recognized symptoms instead of by 
guesswork. It makes the average owner independent of the roadside repair shop 
when touring. Must be seen to be appreciated. Size 25x38 inches. Prlnte(i on 
heavy bond paper. Price 86 cents 

LUBRICATION OF THE MOTOR CAR CHASSIS. Compiled by Victor W. 
Pag^, M.E. 

This chart presents the plan view of a typical six-cylinder chassis of standard design 
and all parts are clearly indicated that demand oil, also the fr^xiiuency with which they 
must be lubri(;atod and the kind of oil to use. A practical chart for all interested in 
motor-car maintenance. Size 24x38 inches. Price 86 cents 
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LOCATION OF IGNITION SYSTEM TROUBLES MADE EASY. Compiled 
by Victor W. PagA, M.E. 


In this diagram all parts of a typical double ignition system using battery and magneto 
current are shown, and suggestions are given for readily finding ignition troubles and 
eliminating them when found. Size 24x38 inches. Price 85 centi 

LOCATION OF STARTING AND LIGHTING SYSTEM FAULTS. Ccmpilcd 
by Victor W. PAofi, M,E. 

The most complete chart yet devised, showing all parts of the modem automobile 
starting, lighting and ignitjon systcims, giving instructions for systematic location of 
all faults in wiring, lamps, motor or generator, switchers and all other units. Invalu- 
able to motorists, chauiiours and repairmen. Size 24x38 inches. Price * 85 centi 

MOTORCYCLE TROUBLES MADE EASY. Compiled by Victor W. Pag£, 
M.E. 

A chart showing sectional view of a single-cylinder gasoline engine. This chart 
simplifies location of all power-plant troubles, A single-cylinder motor is shown for 
simplicity. It outlines distinctly all parts liable to give trouble and also details the 
derangements apt to interfere with smooth engine operation. This chart will prove 
of value to all who have to do with the operation, repair or sale of motorcycles. No 
details omitted. Size 30x20 inches. Price 85 cents 


AVIATION 


TWO NEW AVIATION BOOKS 

Just off the press. Give complete information on every phase of 
aeronautics. Learn to Fly by flying, but prepare yourself in the 
ground work by Home Study, for experience in the air. Valuable 
books for reference. They will start you right. 


MODERN AIRCRAFT, DESIGN-CONSTRUCTION-OPERATION AND RE- 
PAIR. By Major Victor Pa(j6. 

A book for all students of Aircraft. Just off the press. TJiis book of 855 pages is the 
most complete work ever issued on Aviation. It is written in simple language for 
the Practical Man. It shows Just how any airplane flies and is controlled, outlines 
and descrilxjs all important parts of the plane and just what they do and how they are 
used Covers the commercial possibiUth« of aircraft types, outlines their spheres 
of usefulruiss and considers the cost of flying. The oqiiij)ment of airports, airways 
and landing fields is t^ouclied upon and a complete and easily uiidtjrslood explanation 
of all branches of aerodynamics as w(*ll as a complete glossarv of Utips used in aero- 
nautics are included, this booklet includes a description of the Ryan NYP mono- 
plane flown from New York to Paris by (-olonol Charles Lindbergh and the Wrlght- 
Bellanca monoplane flown by Clarence Chamberlain from New York to Berlin. It 
also describes fully tiie Fokk<n’ trl-motored monoplane us(m 1 by Commander Byrd 
in his Polar and trans-oceiink' flights. The Wright air-cofded motor and the navi- 
gating instruments that made these Epochal Flights pos.slblo are fully described. 
Adopted as an Instruction Book in fifty aviation schools and colleges. 855 page^ 
Over 400 engravings. Price $6.00 


WHAT IS SAID OF THIS BOOK 

“Your now book, 'Modem Aircraft' is a wonder. Very coiniflete and up-to-tho-minuto. 
Highly int(T(^sting and a valuable contribution to the field of aviation. I fe(U that 
the author and publisher both liavc done fully 100 per cent, justice to tills sjflendid 
book which reallv should be in the hands of every person iiiteresUwl in the progress of 
Modern Aircraft." (Signed) Phed W. Dobe 

1951 Lawrence Ave., Chicago, 111. 
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EVERYBODY’S AVIATION GUIDE. J3y Victor W. Pag6. 

A Popular Book at a Popular Price. Tills book, written in the form of a series of 
lessons or instructions, starts the rciador at the boKionhig of the subject, out/Unes the 
elementary aerodynamical rules for the various forms of flying machines, describes 
typical conventional and unconventional forms of heavier-than-air and Ughter-than-air 
craft., th(5 functions of the various parts of an airplaito, and covers briefly the various 
types of airplane power plants in both air and water-cooled forms. It outlines fully 
all types of land and sea flying machines, their control systems and the methods of 
flying. Those are all fully illustrated. 

While piloting an airplane can bo learned only by actual practice, this book will give 
the r'^ader the various slops m airplane control and will serve as a very valuable intro- 
duction to the entire subject of flying for the non-technifuil person who wishes to be 
able to fly an airidaiio just as lie now operates an automobile for business or pleasure. 
247 pages, 140 ilfustratioris, 000 questions and answers on aviation. Price. $2.00 


AVIATION BOOKS AT SPECIAL PRICES 


As very large editions of hooks below were printed when published^ 
and in order to reduce oar stock we are offering these books at reduced 
prices. 

Although these hooks were published a few years ago, they contain 
much information of value at the present time, and in order that those 
interested in aviation may avail themselves of these volumes we are 
now offering them at reduced prices to clear out the editions. 

The principles of operation described in these books apply just as well 
to the latest types of airplanes and airships and their engines which 
have changed only in minor details from the forms illustrated, and 
they are just as valuable to the reader today. The beginner or student 
will get much information at low cost from the following books. 

A B C OF AVIATION. By Major Victor W. Page. 

This book describes the basic principle of aviation, tolls how a balloon or dirigible 
is made and why it floats in the air Describes how an airj)lane flies. It shows in 
detail the clilTerent parts of an airplane, what they are and what they do. Describes 
all types of airplanes and how they dilfer in (’onstrnction : as well as detailing tlw 
advantages and disadvantages of difft^ent types of aircraft. It includes a complete 
dictionary of aviation terms and clticir drawings of leading airplanes The reader 
will llnd sirti])le instructions for unpacking, setting up. and rigging aindancs. A 
full descri|3tion of airj)lane control principles is given and methods of flying are dis- 
cassod at length. 

Tills book answers every question one can ask aV>out modem aircraft, their con- 
struction and operation. A sclf-oducator on aviation without an equal. 274 pagers- 
130 specially made illustrations with 7 plates. Price $1.26 

AVIATION ENGINES— DESIGN; CONSTRUCTION; REPAIR. By Major 
Victor W. PagIo, A S , S.O.U.S U. 

This treatise, wTitten by a nvognized authority on all of the practical aspects of 
internal cumiuistion engine construct.ion. maintenance, and repair, fills the need as 
no other book do(;s The matt(»r is logically arranged, all descriptive matter i^ 
simply expressed and cf)i)iously illustrated, so that anyone can understand airplane 
engint) operation and repair (’ven if without previous mechanical training. This 
work is invaluable for anyone desiring to Ixiconie an aviator or aviation mechanic 
Rotary type's, such as the (Inome Monosoupape, and LcRhone, are fully explained, as 
well as th(3 Vee and radial types The subjects of carburet ion, ignition, cooling, and 
lubrication also are covered in a thorough manner. The chapters on ropah* and 
maintenance are distinctive and found in no other book on tiiis subjcicl. Not a 
technical liook, hut a practical, <*aMly understexxi work of reference? for all interested 
in aeronautical science. 5S9 pages. 2rj3 illustrations. Price, net . . . $1.25 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


APPLIED AERODYNAMICS. By G. P. Thompson. 

This is a scioulific and matlumiatical l.r(*atise that has a si)edal appeal to the student 
and eriKinwr who are seekin^^ oxacd information on the aerodynamics of heavier-than- 
air craft and data on airplane design te^iting. In addition to a very full discussion 
of tile (luallliivs wliich determine the speed and rate of climb of an aeroplane and 
the method by which tlu^y can be calculat-ed, spw'ial attention is paid to stability 
— a problem now fairly well understood, and to controllability- -our knowledge of 
wiiich is at present in a much more (il(*montary state. Attention is directed to the 
numerous directions m wliich further infonmition is require^d, eBi)ecially in the form of 
full-scale experiments. pages (7 x 10). Illustrated with over 1412 Diagrams 
and Graphic harts Price $5.00 

GLOSSARY OF AVIATION TERMS — ENGLISH-FRENCH; FRENCH- 
ENGLISH. By MAJ(m Victor W. Paok, A.S,, S.C.U.S.R., and Lieut. 
Paul Moni'akioi., of the French Flying Corps. 

A complete glossary of practically all terms used in aviation, having lists in both 
J^’rench and English with ctiuivalents in cither language. Price, . , 50 cents 


BOAT BUILDING 


MINIATURE BOAT BUILDING. By Albert C . Leitch. 

(\)veniig the e«)nstruction of working models of ratdng sail and power boats by ama- 
teurs. A roncise and complete trealisi' written m understandable language covering 
maruii' model making in gi'iieral and the specillc dt'sign and eonstruetion of numerous 
famous nuiuature racing sail and (lower boats The boats illustratiul and tiesenbed 
have been devoloiied from an (‘rigin(‘ering (loint of vn‘w rather than from a toy angle. 
In this book th(^ authors have' i!lustrat4Ml and described sti^p by step, the best model 
making practice, from the M'huMjnn of the raw material to thi^ completed boats. Coni- 
lilete designs lor steam (xiwer (iJarits, including tubular boilers and blow torch for 
llring tlKun. Oik', t.wo and four cylindcT engines are also fully describea. 500 spe- 
cially preiiarod (uigravmgs. U tillages. Price $8.00 


BRAZING AND SOLDERING 


BRAZING AND SOLDERING. By James F. Hobart. 

Till' only hook (hat shows you just liow to handle any job of brazing or soldering that 
comes along, it tells you ^\hat niiKture to use, how to make a furnace if you need one. 
hhill ef valuable kinks. 'Pile liflh edition of this book has just been publlshi'd, and to 
it iiiueli new niatliT and a large number of tested formulie for all kinds of solders and 
fluxes ha ve been added. Illustrated 35 cents 

SOLDERING AND BRAZING. By Raymond Fiianius Yatrs. 

M'his treatise' gives all the lu^cessary “kinks” that will enable on*‘ to accomplisli suc- 
(H'ssful soldering If a mix’lianic has not sucec'cded in his soldering, this book may 
t(‘ll him just what lie needs to (iroduce. good work— somi^thing that he may hereto- 
fore iiav(' forgotten. Price 75 cents 


CHARTS 


BOILER ROOM CHART. By Geo. T.. Fowler. 

A chart — size 14x28 inches showing in i.somi'tric perspective the mechanisms be- 
longing in a modern boiler room. The various (larts are shown broken or removed, 
BO that tJie intt*rnal construction is fully illustrated Each part is given a reference 
number, anci thcvsi!, with the corresponding name, are given in a glossary printed at 
the sides 35 cents 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


GONDOLA CAR CHART. 

A chart showing the anatomy of a gondola car, having every part of the car numbered 
and its proper reference name given in a reference list 86 eenti 

PASSENGER CAR CHART. 

A chart showing the anatomy of a passonger-car. having every part of the car numbered 
and its proper name given in a reference list 86 cents 

STEEL HOPPER BOTTOM COAL CAR. 

A chart showing the anatomy of a steel Hopper Bottom Coal Oar, having every part 
of the car numbered and its proper name given In a reference list 86 cents 

TRACTIVE POWER CHART. 

A chart whereby you can find the tractive power or drawbar pull of any locomotive 
without making a hgure. Shows what cylinders are equal, how driving wheels and 
steam pressure affect the power. What sized engine you need to exert a given drawbar 
pull or anything you desire in this Hue 60 cents 

HORSE-POWER CHART 

Shows the horse-power of any stationary engine without calculation. No matter what 
the cylinder diameter of stroke, the steam pressure of cut-off, the revolutions, or 
whether condensing or non-condensing, it's all there. Easy to use, accurate, and 
saves time and calculations. Especially useful to engmeors and designers. 50 cents 

SUBMARINE CHART, 

A cros.s-section view, showing clearly and distinctly all the Interior of a Submarine of 
the latest typo. You get more information from this chart, about the construction and 
operation of a Submarine, than in any other way. No details omitted — everything 
is accurate and to scale. All the machinery and devices fitted in a Submarine Boat 
are shown 36 cents 


CHEMISTRY 


'low TO MAKE AND USE A SMALL CHEMICAI. LABORATORY. By 

Raymond Francis Yates. 

The tn^atise covers all of the essentials bf elomontary chemistry. The Jaw of definite 
proportions, solutions, (Tystalloids, colloids, eUxjt roly sis, etc., are explained. The 
second part of thti book is devot^^d to chemical and eleciro-tdiemical experiments. 
Only thos(' experiments tliat will t(uid to broaden the, reader’s knowledge of chemistry 
in general have bom chosen. Viico 76 cents 

CLOCK AND WATCHMAKING 


CLOCEMAEIKG: PAST AND PRESENT. By 0, F. C. Gobdok. 

With which is incorporated the It]o^^ inii)ortant portion of “Clocks, Watches, and 
Bells,” by th(i late JA)rd Onmthorpe?, relating to Turret (Hocks and (iravity Escape- 
ments. By (i. F. C. (iordon, M A,, A.M.I C E., Superintendent of Workshops of 
the Engineering Department of ( 3ambridg(!i University. A practical book of special 
iritcTcst to the Clock maker, Repairer, Dealer and Ooll(M‘t^or, in which the author 
endeavors 1<o cover topics which tsither have not boon covered l)eforo, or wiiicli from 
ids own exporii'iice require more attention than they have hitherto n^oivod. 241) 
pages. FuRy Rlustrati^d by Diagrams and iilates of Long Case, Bracket and other 
Clocks, Dials, Hands, etc. Price $5.00 

CLOCK REPAIRING AND MAKING. By F. J. Garrard. 

Practical Watchmaker. Author of “Watch Repairing, Cleaning and Adjusting.” 
A practiciil liandhook dealing witli Tools, MaUinMs. and Methods used In cleaning 
and repairing all kinds of JCiiglish and Foreign Timepieci^s, Striking and Ghimnoy 
Clocks, and the making of English (Hocks. K^S pages. Fourtli edition. Illustrated 
by 120 engravings. I'rico $8.00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICAL HOROLOGY* By H. R. Langman and A. Ball. 

180 pages profusely illuHtratod. A practical manual on the application of the piindpies 
and practices of elocirlcity to horological instruments and machincjs for the measure- 
ment and transmission of time with an account of the eai*Uest electrically-driven 
clock mechanism. 180 pages. lUustratod. Price $8*00 

THE WATCHMAKER’S HANDBOOK* By Claudius Saunieb, 

Translated from the French by Cladius Saimier, and enlarged by Julien Trlpplin, 
F.R.A.S., and Edward Ulgg. M.A. A workshop companion for those engaged in 
watchmaking and the allied mechanical arts. As an encyclopedia for the practical 
watchmaker and repairer tills work stands paramount. The chapter on practical 
nMjeipts alone Is a miru^ of information. Over .'>00 pages. New and riwised edition. 
14 folding plates. Price 86*00 

WATCH REPAIRING AND MAKING. By F. J. Gabbard. 

Practical Watchmaker. Author of “Watch Repairing, C’Jleaning and Adjusting." 
(yovers the Cleaning and Repairing of Watches. Treats on the maMals and tools 
used. Shows how to alter and adjust all kinds of English and Foreign Watches, 
Repeaters. Chnmograiihs and Marine Chronometers. 214 pages. Seventh edition. 
Illustrated by over 200 engravings. lh*ice 83.00 


CONCRETE 


CONCRETE WORKERS’ REFERENCE BOOKS. A SERIES OF POPULAR 
HANDBOOKS FOR CONCRETE USERS. Prepared by A. A. HoutmTON. 

The author, in preparing this Series, has not only treated on the usual types of construction, 
but explains and illustrates molds and systems that are not patented, but which are equal 
in value and often superior to those restricted by patents. These molds are very easily and 
cheaply constructed and embody simplicity, rapidity of operation, and the most successful 
results in the molded concrete. Each of these books is fully illustrated^ and the subjects 
are exhaustively treated in plain English. 

CONCRETE WALL FORMS. By A. A. Hougrton. • 

A new automatic wall clamp Is illustrated with working drawings. Other types of 
wall forms, clamps, sejiarators, etc., are also illustrated and explained. 

(No. 1 of Series) 76 cents 

CONCRETE FLOORS AND SIDEWALKS. By A. A. Houghton. 

The molds for molding scjiiares, hexagonal and many otluir styles of mosaic floor and 
sidewalk blocks are TiiUy illustrated and explained. (No. 2 of Series) . . 76 cents 

PRACTICAL CONCRETE SILO CONSTRUCTION. By A. A. Houghton. 

Complete working drawings and speidflcations are given for several style-s of concrete 
silos, with illustrations of molds for monolithic and block silos. The tables, data, and 
information presented In this book are of the utmost value in planning and constructing 
all forms of concrete silos. (No. 8 of Series) 76 cents 

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By A, A. 

Houghton. 

The manufacture of all types of concrete slate and roof tile is fully treated. Valuable 
data on all forms of reinforced concrete roofs are containiKl within its pages. The 
construction of concrete chimneys by block and monolithic systems Is fully illustrated 
and described. A number of ornamental designs of chimney construction with molds 
are shown Jn this valuable treatise. (No. 4 of Series.) 76 cents 

MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. Houghton. 

The proper proportions of cement and aggregates for various finishes, also the method 
of thoroughly mixing and placing in the molds, are fully treated. An exhaustive 
treatise on this subject that every concrete worker will find of daily use and value 
(No. 5 of Series.) 76 cents 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


CONCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS, By 

A. A. Houghton. 

The moldinc of concrete monuments to imitate the most expensive cut stone is ex- 
plained in this trciatiso, with working drawings of easily built molds. CuttinK in- 
scriptions and designs are also fully triiated. (No. 0 of Series.) . . . 76 cents 

MOLDING CONCRETE BATHTUBS, AQUARIUMS AND NATATORIUMS. 

By A. A. Houghton. 

Simple molds and Instruction are given for molding manv stylos of conoroto bathtubs, 
swimming-pools, etc. Thtise molds are easily built and permit rapid and siicoessfiil 
work. (No. 7 of Series.) 75 eeiiU 

CONCRETE BRIDGES, CULVERTS AND SEWERS. ]\y A. A. Houghton. 

A number of ornamental concrete bridges with illustrations of niokis an* giviMi. A 
eollapsilde center or core for bridges, culverts and sewiTs is fully illustrated with di*- 
tailed instructions for building. (No. 8 of Senes.) 76 cents 

CONSTRUCTING CONCRETE PORCHES. By A. A. Houghton. 

A number of designs with working drawings of molds an^ fully explained so anvone 
can easily construct different styles of ornamental concrete poreli(*s without the pur- 
chase of expensive molds. (No. 9 of Series.) 76 cents 

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS. By A. 

A, Houghton. 

The molding of a number of designs of lawn seats, curbing, hifdiing posts, piTgolas, sun 
dials and other forms of ornamental concrete for the ornamentation of lawns and gar- 
dens, is fully illastrated and described. (No. 1 L of Series) 76 cents 

CONCRETE FOR THE FARM AND IN THE SHOP. By H. Colin 
Campbell, C.E., E.M. 

A new book illustrating an<l describing in plain, simple' language manv of the 
numerous apiilications of coiicroto witlilu tluj range of home worker Among the 
subj^xits tr(*at(xi aixu 

Principl(!s of reinforcing; mefhods of protecting concrete so as to insiin* proper hardtm- 
Ing; homo-made mixers; mixing by hand and inaclune, form eons( ruction, (le.scribed 
and illustrated by drav^ings and photographs, construction of concixte nails and 
fences; concrete fence nosts, concrete gate posts, corner iiosts, elulhi-’ line posts; 
grape arbor posts, tanks, troughs; cisterns, hog wallows, leedmg doors and iiam- 
yard pavements; foundations; well curlis and fdatforms; indoor floors, suh'walks, steps, 
concrete hotbeds and cold fninios; concrete slab roofs; walls for buildings, repairing 
leaks in tanks and cist (tus, etc., etc. A number of convi*ment and practical tablets 
for estimating quantities, and some practical examples, are also given. (.'S x 7). 
Uti pages, 51 illustrations Price ... .... $1.00 

CONCRETE FROM SAND MOLDS. By A. A. Houghton. 

A Practical Work tn'aling oti a process which has lier('tofore been held as a trade secret 
by the few who possessed it, and which wiJl successfully mold every and a.uy class of 
ornamental concrete work. Tiie process of molding concrete with sand molds is of 
the utmop^ oractical value, possessing the manifoki advantages of a low cost of molds, 
the ease and rapidity of opi'ration, perfect di'tails to ail ornami'iital designs, density 
and iucreasecl strength of the coiicreU\ pcTh'ct curing of the work without attention 
and the easy removal of the molds regardless of any uncJercutting the design may have 
192 pages. Fully illustrated. Price $2.00 

ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. IloutiHTON. 

The proct^ss for making ornamental concrete without molds has long been held as a 
secret, and now, for the first timii, this process is givi'ii to tlie public- The book 
reveals the secret and Is the onlv book published which explains a simple, practical 
method whereby the concrete worker is enabled, by v*m])Ioying wood and nu'tal tem- 
plates of dllTercnt designs to mold or model in concrete any Cornice. Archivolt, 
Column, Pedestal, Base Cap, Urn or Pier in a monolitliie form— right upon the job. 
'fhese may be molded in units or blocks, and then built up to suit the specifications 
demanded. This work is fully illustrated, with detailed engravings. Price . $2.00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By 

Myron H. Lrwis. 

The author has brought together in this work all the salient matter of interest to 
the user of concrete and its many diversifled products. The matter is presented in 
logical and systematic order, clearly written, fully illustrated and free from involved 
mathematics. Everything of value to tho concrete user is given, induding kinds of 
cement employed in (Construction, concrete architecture, inspection and testing, water- 
proofing, coloring and painting, rules, tables, working and cost data. Tho book com- 
prises thirty-tiirce chapters, 430 pag(«, 126 iliustrathms. Price .... 83.00 

DICTIONARIES 


STANDARD ELECTRICAL DICTIONARY. By T. O’Conob Sloane. 

An indispensable, work to all interested in electrical science. iSuitablc alike for the 
student and professional. A praelif^al handbook of refenmiM^ containing deflnitions of 
about r>()00 distinct words, tc^nns and plirases The definitions are torse and concise 
and lnclud(‘. every term used in (4ectrical s(!icncc. Recently issued. An entirely m^w 
edition. Should lie in the possession of all who desire to keep abreast with the progress 
of tiiis branch of sr'u'nce ('oiui)lt‘te, concise and convenient. 71)0 pages. 497 Illus- 
trations. Mew Revised and Enlarged Edition. Priije ...... $5.00 

DIESEL ENGINE 


DIESEL ENGINES: THEIR APPLICATION AND OPERATON— MARINE 
—LOCOMOTIVE— STATIONARY. By David h . Jonhs. 

This is tiie lati'st liooU on the Miiueet of Diesel Eiigimvs written purely from a practical 
standpoint, in simple la^guag(^ to (Miable the operator and tlie student to grasp tho 
jirineiples of this t ype of machine and to lirmg oul tlie advantages of tills form of prime 
mover in its various Helds of op(!ration 

It should be found ufion the (J(?sk of (5 V(T.v power station operating cngin(*<ir and every 
stufh'rit of iiu;chaiii(‘al cngine(*ring, as it contains data that is invaluaide, and is the 
only .Vinerican book containing an illustrated chapU*i’ on the appluMtjon of the Diesel 
Engine, to KaihNay Scm*vico Tlie importanc«' of tho Diesel ICriginc cannot l>e over- 
eslhualtid and the iirogi-essLvi^ engmeiT will find it his dut y to extend liis knowledge into 
th(*, I)ies(4 Engine, fh ld Among tho chapters ane. The Dic'sel Engine — Elementary 
Thermodynamies^ -Kk'nientary Pnneipk s Comparative Hlllleiencios — DetallsofCon- 
striiet ion- "Spray Valves— Puel l*uin]»s, Governors, Puel Systems- * Valve rRmrs— 
Starting ami Rev(‘rsing (hiars Lubrieating and Cinndating WaU^ Systcmis- indica- 
tor ( \irds and hhigine 'J'est mg OixTation of Dies»4 Engines - Reprt?seT)Uiti vo Typos of 
Engim^s Uei)n'seni.atj\'(' 1\vpes of Engines continued — A 1000 Horse l^iwer Sub- 
iiLuaiK’ Diescd Hlngiiu^^— Diesel Kngim.'s for Railroad ServiVe — Diesel EliTtric Drive for 
Ships— Properties of Jjulirieatiiig and Fuel Oils — Marine Rules for Vessels Propelled 
by Dies 1 Oil Eiigiiu‘S. .‘lOrj pag(5s. 811 illiistratious. ih’ice, $5.00 

DIES-METAL WORK 


DIES: THEIR CONSTRUCTION AND USE FOR THE MODERN WORKING 
OF SHEET METALS. By J. V. Woodwokth. 

A most useful book, and one which should be in the hands of all engagc'd in the press- 
working of metals. treating on the Designing, (Vmstructing and Pse of Tools, Fix tun^' 
and Devices, togi'ther with tin* manner in whicli they should Tie usi^d in the Power 
Pr('.ss. for the clieap and rapid production of the great variety of .shc*-et-metal articles 
now in use. It Is d(‘sjgni'd as a guide to the iirodiiction of sheet-metaJ parts at the 
minimum of cost with tlu' rnaxiinuni of output The hardening and teinpcrlrig ol 
Press tools and (he class(‘s of w^ork which may he produced to the iiest advantage by 
th(" us(' of dies Jn the iiowor t)n\ss an' fully trc*at(’d. Its FAC) illustrations show dies, 
press fixtures and siieet-metal working devices. th() descriptions of which are so clear and 
practiixil that all rnetJil-working mei’lianlcs will l)e alile to understand ho^.r to design, 
co'nstnict and use them, 7 1 h F>di( ion. 426 pages, 540 illustrations, J'rice $4.00 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 

DRY CLEANING 


PRACTICAL DRY CLEANER, SCOURER AND GARMENT DYER. By 

William T, Biunnt. 

The sixth correcU^d edition of tliis work us just oil the press. It is tiie most compre- 
hensivo and coinpleto reference and text book for cleaners and dvors published and 
treats fully on cleanint? plant design and construction, puriflcation or benzine dry 
cleaning; spot and stain removal, wet cleaning, Including the cleaning of Palm Beach 
suits and other summer labrlcs; llnislnnp cleaned fabrics; cleaning and dyeing furs, 
skins, rugs and mats, cli'aning and dyeing featiiers, cleaning, dyeing and blocking 
straw, felt and PanaiTia hats, cleaning and dyeing rugs and carpets; bleaching ana 
stripping garments, bleaching and dyeing straw and straw hats, cleaning and dyeing 
gloves; garment dyeing, analysis of textile fabrics; practical chemistry for the dry 
cioanor and garment dyer. 578 pages, 41 illustrations. Price .... 88. 00 


DRAWING— SKETCHING PAPER 


LINEAR PERSPECTIVE SELF-TAUGHT. By Herman T. C. Kraus. 

This work gives the theory and practice of linear persptxjtlve, as used in architectural, 
engineering and mt^^hanlcal drawings. I’ersons t>aking up the study of the subject 
by themselves will be able, by the use of the instruction given, to readily grasp the 
subject, and by reasonable practice become good perspective draftsmen. The arrange- 
ment of the book is good; the plate Is on the left-hand, while the descriptive text 
foUows on the opposite page, so as to be readily referred to The drawings are on 
sufficiently large scale to show the work clearly and are plainly figured. There is 
Included a self-explanatory chart which gives all information necessary for the thorough 
understanding of perspoetlve Tliis chart alone is worth many times over the price of 
the book. 2d Kevisod and enlarged i£dition 88.00 

PRACTICAL PERSPECTIVE. By Richards and Colvin. 

Shows just how to make all kinds of mechanical drawings in the only practical 'per- 
spective isometric. Makes everything plain so thal^ any mechanic can understand 
a sketch or drawing in this way. Saves time in the drawing room, and mistakes in the 
shops. Contains practical examples of various classes of work. f)tli Kdilion. 81.00 

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY MACHINE 
DESIGN. By F. L. Sylvester, M.E., Draftsman, with additions by Erik 
Oberg, associate editor of “Machinory.^^ 

This is a practical treatise on Mechanical Drawing and Machine Design, comprising 
the first principJos of geometric and mechanical drawing, workshop mathematics, 
mechanics, strength of materials and the calculations and design of inaidiine details. 
The author's aim luis been to adaj>t this treatise to the regiilrements of the practical 
mechanic and .vouiig draftsman and to present the matter in as clear and concise a 
manner as possible. To meet the demands of this class of students, practically all the 
important ehunents of mactiine design have been dealt with and In addition algebraic 
formulas have bcicii exTilained. and the elements of trigonometry treated in the manner 
best suitcid to tlui n(!ed.s of the practical man The book is divided into 22 chapters, 
and in arraniiing the material, mechanical drawing, pure and simple, has betm taken 
up first, as a thorough unrk^rstandlng of the principles of n’prosenting obj(5Cts facilitates 
the further study of mechanical subjects. This Is followed by the mathematics neces- 
sary for t/he solution of the problems in machine d(»slgn which are presented later, and 
a practical introduction to theoretical mtH'lmuics and the strength of materials. The 
various elements entering Into machine design, such as cams, gears, sprocket-wheels, 

. cone pulleys, bolts, screws, couplings, clutches, shafting and fly-wheels, have been 
treated In such a way as to make poasiblo the u.se of the work as a text-book for a 
continuou.s course of study. 345 pages, 237 engravings. Price .... 82.50 

A NEW SKETCHING PAPER. 

A new snecially ruled paper to enable you to make sjfetches or drawings in Isometric 
perspective without any figuring or fiis.sing. It is beipg used for shop details as well 
as for assembly drawings, as It makes one sketch do the work of t hree, and no workman 
can help seeing just what Is wanted Pads of 40 sheets, fixO mches, 40 cents. Pads 
of 40 sheets, 9x12 inches, 75 cents, 40 sheets, 12x18, Price $1.50 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 
ELECTRICITY 


ARITHMETIC OF ELECTRICITY. By Prof. T. O’Conok Sloand. 

A practical treatise on electrical calculations of all kinds reduced to a series of rules, all 
of the simplest forms, and Involving only ordinary arithmetic: (^ach rule Illustrated 
by one or more practical problems, with detailed solution of each one. This book is 
classed among the most useful works publish^Hl on the science of oloctrlcity, covering 
as it does the mathematics of electricity in a manner that will attract the attention 
of those who are not familiar with algebraical formulas. 22nd Edition. 196 pages. 
Price $1.50 


COMMUTATOR CONSTRUCTION. By Wm. Baxter, Jr. 

The business end of any dynamo or motor of the direct current type is the commutator. 
This book goes into the designing, building, and maintenance of commutators, shows 
how to locate troubles and how to remedy them; everyone who fusses with ^namos 
needs this. 5th Edition 36 cents 


DYNAMO BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A 
FIFTY- WATT DYNAMO. By Arthur J. Weed, Member of N. Y. Electrical 
Society. 

A practical treatise showing in detail the construction of a small dynamo or motor, the 
entire machine work of which can be done on a small foot lathe. Dimensioned working 
drawing.^ are given for piece of machine work, and each operation is clearly 
described. This machine, when used as a dynamo, has an output of fifty watts: when 
used as a motor it will di-ivo a small drill press or lathe. It can be used to drive a 
sewing machine on any and all ordinary work. The book is illustrated with more 
than sixty original engravings showing the actual construction of the different parts. 
Among the contents arc chapters on: 1. Fifty-Watt Dynamo. 2. Side Bearing 
Rods. 3. Field Punching. 4. B(^arlng.s. 5. Commutator. 6. Pulley. 7. Brush 
Holders. 8. OoiiiuKJtiou Board. 9. Armature Shaft. 10. Armature. 11. Armature 
Winding. 12. Field Winding. 13. Conuocllug and Starting. Price, cloth, $1,00 


ELECTRIC BELLS. By M. B. Sleeper. 

A complete treatise for the practical worker in installing, operating, and testing 
bell circuits, burglar alarms, thermostats, and otluT apparatus used with elo(!tric 
bells. Both the electrician and the experimenter will find In this book new material 
wlilch is essential in their work. Tools, bells, batteries, unusual circnilts, burglar 
alarms, annumaalijrs, s.v.steras. thermosl-ats, circuit breakers, time alarms, and oilier 
apparatus used in la4l circuits are described from the standpoints of their applica- 
tion, construction, and njoair. The detailed instructions for building the a^aratus 
will appeal to the exiicrinientiir particularly. The nractictal worker will find the 
chapttn-s on Wiring C^alculatloii of Wire SiziMs and Magnet Windings, Upkeep of 
Systems and the Location of Faults of the greatest value in their work. 124 pages. 
Fully illustrated. Price 76 cents 


HOUSE WIRING. By Thomas W. Poppb. 

This work describes and illustrates the actual Installation of Electric Light Wiring, 
the manner in which the work .should lie done, and the method of doing it. The book 
can be coiivenientlv carried in the pocket. It is intended for the Elwtrician, Helps, 
and Apprentice, it solves all Wiring Problems and contains nothing that conflicts 
with the rulings of the National Board of Fire Underwriters. It givt‘s just the informa- 
tion (^seiitial to the Successful Wiring of a Buildiug. Among th(j sui)jecUs treateti are 
Locating the Meter. Panel Boards. Switchtss. Plug ReccptacU'S. Brackets. CeUing 
Fixtures The Meter Connections. The Feed Wire.s. The Steel Armored Cal)le 
System. The Plexibh* Steel Conduit System. The Ridig Conduit System. A digest 
of the National Board of Fire Underwriters’ ruli's relating to nif'tallic wiring systems. 
Various switching arrangements explained and diagrammed. The ea.siost method or 
testing the Throe- and Four-way circiUts explainiid. Th() groimrUng of all metallic 
wiring systems and the reason for doing so shown and explained. The insulation of 
the metal parts of lamp fixtures and the reason for the same described and illi^trated. 
208 pages. 5tli Edition, revised and enlarged. 160 illustrations. P lexlble elotli. 
Price 



CATALOGUE OF GOOD, PRACTICAL BOOKS 


ELECTRICIANS’ HANDY BOOK. By Prof. T. O’Conok Sloane. 

'riiis work Is intended for the practical oioctriciaii who has to iriakc' thinca go. The 
entire held of cloctricicy is covenid within its pages. Among some of the subjoctis treated 
are: The Theory of the Electric (Current and (Circuit, EioctTo-Chomistry. l^rlinary 
Batteries, Storage Batteriiis, Cieneration and Utilization of Ekxitric J^owera, Alter- 
nating Current, Armature Winding, Dynamos and Motors, Motor Chincrators, 
Operation of the Central Station Switchboards, Safety Appliances, Distribution 
of Electric Light and Power, Street Mains, Transformers, Arc and Incancloscciiit 
Lighting, Electric Measurements, Photometry, Electric Hallways, Telephony, Bell- 
Wiring, Electric-Plating, Electric Heating, Wirele)ss Telegraphy,’ etc. It contains no 
useltiss theory; everything Is to the point. It teacher you just what you want to 
know about electricity. It is the standard work published on the sul)Jcct. Forty- 
six chapteiti. ()00 engravings. New 5th Edition, Itevisecl ami Enlarged ih'icci $4.00 

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRIC MOTOR 
CONSTRUCTION. 13y Prof. T. O’CoNoit Sloane. 

This work treats of the making at home of olec'trical toys, electrical apparatus, motors, 
dynamos and instruments in general, and is desigiu’d to bring within the reach of 
young and old the manufac'ture of genuine and useful eliictrical a()pliaiic(^s. The work 
is espc^clally designed for amateurs and young follfs. 

Thousands of our young people are dally expcjriiiK^iiting, and busily engaged i»i making 
ekxitrlcal toys and apparatus of various kinds. The prese nt work is just what is want- 
ed to give the much needed Information in a plain, practical manner, with illustrations 
to mak(i easy the carrying out of the work. 21st lOdilion. 125*1 pjiges, 11 s illustrations. 
PriceJ .... $1,50 

ELECTRIC WIRING, DIAGRAMS AND SWITCHBOARDS. By Newton 
IIarhlson, 

A thoroughly practical treatise covering the subject of Eleetrii* Wiring in all its branches, 
including explanations and diagrams which an^ thoroughl> (‘xplirit and greatly simplify 
the subject. Practical, every-day proldems in wiring ai(* prestMited ami the mi’Uiod 
of obtaining intelligent results clearly shown. Only arilhineiii’ is iise(i Ohm's law 
is given a simple explanation with reference to wiring for dinct and alternating 
currents. The fundamental principle of drop of potential in eiremts is shown with its 
various applications. The simpk' circuit is devc'loped with the jiosition of mains, 
feeders and branches; their treatment as a part of a wiring plan and Mu'ir om])loy- 
ment In house wiring clearly illustrated Sonii' .simple* facts al)()Ut U‘St,ing an* included 
In connwtion with the wiring. Molding and conduit work an* given ean*ful considera- 
tion: and switchboards are systematically treated, bmit uf) and illiisbated, sliowing 
the purpose they servi*. for connection with tin* cireuits, and to shunt and compound 
wound machines The simple principles of switehixianl (*onstruetion, develop- 
ment of the switchboard, the? connections of the various instruments, im’luding the 
lightning arrester, are also plainly set forth 

Alternating current wiring is treated, with explanations of tin* ])ower facl-or eondbions 
calling for various sizes of wire, and a simple yviiy of ol»tainiug the sizes for siugl(*-pliase, 
two-phase and three-phase circuits. This is the onl.\ complete work issued showing 
and telling you what you should know about din'Ct and all iTiiating (‘iirrenl- wiring, Tt 
Is a ready reference. Tin* work is free from advaiieid tecliuicalities and inalhematics, 
arithmetic lieing used throughout. It is m every respect a handy, Avi*ll'writt.(*n, 
instructive, comprehensive volume on wiring for the wkTuiian, foreman, contractor, 
or electrician. 3rd edition, revised and enlarged. 31.") iiages; J37 illustrations 
Price $2.50 

EXPERIMENTAL HIGH FREQUENCY APPARATUS — HOW TO MAKE 

AND USE IT. By Thomas Stanley Citrtts. 

This l)Ook lolls you how to build simple high frequency coils for experimental purpose 
in the liorne, school lalioratorv, or on the small l(*ct iire iilalforin. Tlie liook is really 
a Kuiiplemeut to the same author's " Higli Frequency Apparatus ” 'i’lii* experimi'ntal 
side ottly is covered in this volume, whicli Is mteucled for those who want to build 
small coils giving up to an (*ig]iU‘en-ineli spark "IMie book contains MiJuaiile in- 
forjuation for tlie physics or the manual training teacher wiio is on tin* lookout for 
interesting projects for his Iwys to build or exp<‘riLnent with. The apparatus is 
simple, cheap and perfectly safe, and with it some truly startling experiments may lie 
piTformed. Among the eontents are- Indurtipn Uoil Out tits Opt'rated on Battery 
Oun'ont. Kicking Coil Apparatus One-Half Kihmatt Transfornii'P Outfit Parts 
and Materials, etc , etc. 09 pages. Illustrated. Price 50 ceiils 
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ELECTRICITY SIMPLIFIED. By Prof. T. O’Conor Sloane. 

The object of "KU'ctrlcity Simplified” is to make the subject as plain as possible and 
to show what the modern conception of electricity is, to show how two plates ol 
diiToroiit metal, immersed in acid, can send a message around the Klobe; to (explain 
how a bundle of ci>pper wire rotai/Cd by a steam engine can he the agent in lighting 
our streets, to tell what the volt, ohm and ampere are, and what high and low tension 
mean: and to answer tlu^ questions that perpetually arise in the mind in this age of 
electricity. 1,5th lUwised Edition. 218 pages, illustrated. Price . . $1.50 

EVERYBODY'S ELECTRICAL HANDBOOK, By Edwajid J. Volk, Practical 
hjloctriciari. 

Atij one with the aid of this book can do almost any of <lic small tik^ctrical jobs about 
the home. ICvfM'ytliiug is written in plain langiiagt\ It tells how to start, what to 
use, and e^very niov(‘ until tJiis work is complet(‘d. Jn repairing iiJectricTal devices 
it t(dls wIkto to locate the trouble and how to repair it. Vou will llnd this book differ- 
ent from any ot.iier book you have ever read. Should in every home. Sc'cond 
edition. Pocket size. 135 pages. 78 Illustrations. J*rice $1.00 

HIGH FREQUENCY APPARATUS, ITS CONSTRUCTION AND PRACTICAL 
APPLICATION. By 'riioMAS S'J'anley Cuktis. 

The most compnihcnsivi^ and thorough work on tliis interesting subject ever produced. 
The book is essentially pr:u’tieal in its treatment and it constitutes an accurate record 
of tii(‘ researclies of i(s author over a period of several years, during which time dozens 
of coils were built and experimented with. The work has been clivitied into six basic 
}>arts. The first two chaplers tell the uninitiated reader what the high frequency 
curnnit is. what it is iisi'd for, aiui how^ it is produc(‘d. The second section, comprising 
four chapttTS, (h'senhes in (Uitail t4ic jiniicipkvs of the transformer, condenser, spark 
gap, and oscillation tninsforimT, and covers the m<iin points in the design and con- 
struction of th(*st' devic(‘s as applied to the work in hand. The third section covers 
th(‘, construction of small high frequem^ outfits desigmrl for cxperimimtal work in the 
home laboratory or m the classroom The fourth si;ction is di‘vot(}d to electro- 
therapeutic and !X-ltay apiiaratus. IMk; fifth dc^scribes apparatus for the cultivation 
of ])iaTits and veg(‘Aal)Jes 'I'ho .sixth .section is di‘voted to a comprehensive discussion 
of apparatus of largo size for usci upon tlie stage in sriectacuiar Tiroductions. The 
closing chapter, giving the cuiT(‘nt prices of tlie parts and materials required for the 
construction of the apparatus descrilied, is included with a view to expediting the 
jiurchase of the necessary goods. The 8(*con(l Edition irududes ranch new matter 
along tlu^ line of home-made therapeutic outfits for physicians’ use. 'Phe matter ou 
electro plant culture has also liecn eJai)ora'xjd upon. Second lioviscd and Enlarged 
Kcliliou liOb pages. New second edition. Fully illustrated. ITice , $3.00 


STANDARD ELECTRICAL DICTIONARY. By T. O^Conok Sloane. 

All indispcnsal)le worif to all intiTi'sfod in idectTical science. Suitable alike for thf 
student and professional. A practical handbook of refenmeo containing deflnltioni 
of about 5.01)1) dist.inct words, Urms and ))hrases. The definitions are terse and 
concise and iiicludLi evi'iy term used m tdectricaJ science. Ki*ceiilly issued. An en- 
tirely ni'W edition Slioulcl Ix' in the jiossessicm of all who desire to kivp abreast with 
till' iirngrc^ss of this lirancli of science Jn its arrangement and typography the book 
is very eonvi?riieiit The word or ti'rm didlued is printed in lilack-faced type which 
H'adily catches the eye, while the body of the page is in smaller but distinct type. The 
definitions are well worded, and so as to lie understood l)y the non-technical reader. 
Th(' gi'iieral plan seems to be to give an exact, concise definition, and then amplify 
and cxiilain in a more popular way. Syrionjniis are also given, and refen’mvs to other 
words and )>hrases ari' madi' A verv conqileto and accurate ind(;x of fifty pages is 
at the end of the volume; and as this index contains all synonyms, and as all phrases 
are imiexed in e\ tiry reaHonaide combination of w^ords, reforeiK'o to f lu* proper piai'o 
in the Jiodv of the liook is readilv made* ft is difficult to decide how far a^book of 
this chanicter is to keep the rlictioniir> form, and to wdiat extent it may assume the 
(‘Ticyclopedia form For some purposes concise, exactl v worded definitions are needed ; 
for oMkt i)uri)oses, more extended desenpt ions arc required This book seeks to satisfy 
both demands, and does it with considiTable success. ('Jonqiletf!, concise and con- 
venient. 7qi) pages. 4^17 illusi rations. New Kevised and Enlarged Edition Price 

$6.00 
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HOW TO BECOME A SUCCESSFUL ELECTRICIAN. By Prof. T. O^Conor 

SliOANE. 

Every young man who wishes to become a successful electrician should read this book. 
It tells in simple language the surest and easiest way to become a successful electrician. 
The studies to be followed, methods of work, held of operation and the requirement, 
of the successful electrician are pointrxi out and fully explained. Every young en- 
gineer will find this an excellent stepping stone to more advanced works on electricity 
which he must master before success can be attained. Many young men become dis- 
couraged at the very outstart by attempting to read and study books that are far 
beyond their comprehension. This book serves as the connecting link between the 
rudiments taught in the public schools and the real study of electricity. It is Inter- 
esting from cover to cover. 19th Revised Edition, just issued. 205 pages. Illus- 
trated. Price $1.60 

STORAGE BATTERIES SIMPLIFIED. By Victor W. PagU, M.S.A.E. 

A complete treatise on storage battery oi)eratlng principles, repairs and applications. 
The greatly increasing application of storage batteries in modem engineering and 
mechanical work has created a demand for a book that will consider this subject 
completely and exclusively. This is the most thorough and authoritative treatise 
ever published on this subject. It is written in easily understandable, non-technical 
language so that anyone may grasp the basic principles of storage battery action as 
well as their practical industrial applications. All electric and gasoline automol)ile8 
use storage l)atteries. Every automobile repfiirman, dealer or salesman should iiave a 
good knowledge of maintenance and repair of these important elements of the motor 
cor mechanism. Tills book not only tells how to charge, care for and rebuild storage 
batteries but also outlines all the industrial uses. Leani how they run street cars, 
locomotives and factory trucks. Get an understanding of the important functions they 
perform in submarine boats, isolated lighting plants, railway switch and signal systems, 
marine atiplJcatlons, etc. This book tells how they are used in central station standby 
service, for starting automobile motors and in ignition systems. Every practical use 
of the modern storage battery is outlined in tliis treatise. 258 pages. Fully illus- 
trated. Price $2.00 

WIRING A HOUSE. By Herbert Pratt. 

Shows a house already built; bells how to start about wiring it; where to begin; what 
wire to use; how to run it according to insurance mles, In fact;, just the information 
you need. Directions apply isoually to a shop. We have just Issued an enlarged 
edition of this popular work, which has been brought up to dato. The same treat- 
ment of the subject which is distinguished by simplicity, combined with a correct 
presentation of the subjtxit. from the standp<^int of compliance with the Underwriter’s 
Code, and which characterized the earlier editions of the book Is adhered to. The 
wiring as given is biised on the twenty-five watt tungsten filament lamp, now as much 
the standard as was the old sixkjon candle carbon filament lamp of former days. The 
moderri tungsten filament gas-filled lamp of today has changed the whole phase of 
ek^cbric wiring of the home and facU)ry, and tliis l)ook not only tells of the mring for an 
installation, but also gives some very up-to-dato suggestions on the subjtxUiS of seleetion 
of electroliers and fittings, location or lamps and I)ase sockets with many practical 
hints for thC; location of lamps and plug sockets to get the best results. Seventh edi- 
tion wlilch has been entirely revised, and very much enlarged. Price . .60 cents 


ELECTROPLATING 


THE MODERN ELECTROPLATER. By Kenneth M. Coggeshall. 

This is one of the most completes and pra(!tlcal books on electroplating and allied 
processes that has been published as a text for the student or professional j)later. 
It is written in simple language and explains all details of electroplating in a concise 
yet complete manner. It starts at the beginning and gives an elementary outline 
of electricity and chemistry as relates to plating, then considers shop layout and 
oquipmc'nt and gives all the necassary information to do reliable and profitable electro- 
plating In a modern commercial manner. Full instructions are given for the prepara- 
tion and finishing of the work and formulae and complete directions are included for 
making all kinds of plating solutions, many of t;hese having beem trade secrets until 
published in tills instruction manual. Anyone interested in practical plating and 
metal flnisliing will find this book a valuable guide and complete manual of the art. 
Cloth. 142 illustrations. 276 pages. Price $8.00 
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ELECTRO'DEPOSITION OF METALS. By Dr. Gbobge Langbbin and 
WiLUAM T. Brannt. 

The ninth corrected edition of this work contahui everjd^hlng anyone wants to know 
about the plating and finishing of metals, and Is practically an encyclopedia of the 
industry. It is written in plam language with special reference to the needs of the 
practical plater and metal finisher, and gives hundreds of tested formulas for solu- 
tions, many of which have heretofore been considered trade secrets. It is the master 
treatise on electro-plating, galvanizing, metal coloring, lacquering and eloctrotyping, 
and covers every detail of the present advanced state of the art In its everyday appli- 
cations, The Interest of most readers will doubtless center in the main division or the 
volume — the practical part, which presents the industry in all its aspects from the 
arrangement of electro-plating establishments to actual methods used in the deposition 
of various metals. It is here tliat the plater finds a treasury of practia^ that lie may 
turn to direct account in his business. As a work of reference it is unapproaclied by 
any similar work in our language. The formulas alone are worth many times the 
cost of the book tiO anyone interested in plating and other metal finishing methods. 
863 pages. 185 illustrations. Price $7.60 


FUEL 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By Wm. 

M. Barr. 

This book has been prepared with special reference to the generation of heat by the 
combustion of the common fuels found in the United States, and deals particularly 
with the conditions neces.sary to the economic and smokeless combustion of Dituniluous 
coals In Stationary and Locomotive Steam Boilers. 

The prt^scntation of this important subject is systematic and progressive. The ar- 
rangement of the b()ok is In a .scries of practical Quo.stions to which are appended 
accurate answt^rs, which dcscrib<3 in language, free from technicalities, the several 
processes involved in the furnace combustion of American fuels; It clearly states the 
essential requisites for perfect combustion, and points out the best methods for furnace 
construction for obtaining th(^ grtsatest quantity of heat from any given quality of 
coal. 5th Edition. Nearly 35U pages, fully illustrated. Price. . . . $1.50 


GAS AND on ENGINES 


THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR 
AND USES. By Xkno W. Putnam, . 

This is a prac!tical treatise on the Gasoline and Korosimo Engine intended for the man 
who wants to know just how to manage his engine and how to apply it to all kinds of 
farm work to the best advantage!. 

1’his book aliounds with hints and helps for the farm and suggestions for the home 
and housewife. There is so much of value in this book that it is impossible to ade- 
quately describe it in such small space. Suffice to say that it is the kind of a book 
every farmesr will apprc!ciate and every farm home ought to have. Includes selecting 
the most suitable engine for farm work, its most convenient and efficient installation, 
with chapters on troubles, their romedio.s, and how to avoid them. The care and 
management of the farm tractor in plowing, harrowing, harvesting and road grading 
are fully covered; also plain directions are given for handling the tractor on the road. 
Special* atlenl ion is given to n^iieving farm life of its drudgcjry by aT)plylng power to 
tne disagreeable small tasks which must otherwise bo done by hand. Many home- 
made contrivances for cutting wood, supplying kitchen, garden, and bam with water, 
loading, hauling and unloading hay, delivering grain to th*! bins or t/he feed trough 
are lnclud<jd; also full directions for making the engine milk the cows, chum, wash, 
sweep the house and clean the windows, c'tc. Very fully Illustrated with drawings of 
working parts and cuts showing Stationary, Portable and Tractor Engines doing all 
kinds of farm work. All money-making farms utilize power. Loam how to utilize 
power by reading the pages of this book. It is an aid to the result getttT, invaluable 
to the up-to-date farmer, student, blacksmith, implement dealer and, In fact, all who 
can apply practical knowledge of stationary gasoline engines or gas tractors to adv^- 
tage, 630 pages. Nearly 180 engravings. Price $8.00 
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GASOLINE ENGINES : THEIR OPERATION, USE AND CARE. By A. Hyatt 
Verrill. 

The simplest, latest and most comprehensivtj popular work published on Gasoline 
Engines, describing what the Gasoline Kngiiio is; its construction and operation, how 
to Install it: how to select it. how to ust^ it and how to rem'jdy t^roubles encountered. 
Intended for Owners. Operators and Users of Gasoline Motors of all kinds. This 
work fully dcvscribes and illustrates th(^ various types of Gasoline Engines used in 
Motor Boats, Motor Vehicles and Stationary Work, The parts, accessories and 
appliances are described, with cliapters on Ignition, fuel, lubrication, operation and 
engine troubles. Sp(‘cial attention is given to the care, operation and rei)air of motors, 
with useful hints and suggestions on emergency repairs and Tnak(*shifts. A comi)J(‘t(i 
glossary of t(iehnical UTins and an alphabetically arrangtd taldi^ of troubles and their 
symptoms form most valual)le and unicpie features of this manual. Nearly every 
illustration in the iiook is original, having been madt*, by llu* aiilhor. Every page is 
full of interest and value A iKiok which you cannot afford to be without. 27 '} i)ages 
152 specially made engravings Price $2.00 

GAS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE- 
POWER GAS ENGINE. By Parsell and Weed 

A practical treatise of 300 pages describing the theory and principles of the' ac'tion of 
Gas Engines of various types and the design and construction of a lialf-horse-power 
Gas Engine, with illustrations of the work in actual progress, togdlier with the dimen- 
sioned working drawings, giving cl(‘arJy the sizes of the various details; for the student, 
th(^ scientific Investigator, and lh(‘ amateur meciianlc This book treats of the siibji'Ct 
more from the standpoint of pracrice than that of tb(H)i*y. 1'he prineijiles of opiiration 
of Gas Engini's are clearly and simply descrilx'd. and then the actual construetjon of a 
half-iiorse-power engine is taken up, step by step, showing m di'tail the making of the 
Gas Engim;. 3d Edition. 300 pages. Price $3.00 

HOWTO RUN AND INSTALL GASOLINE ENGINES.- By C. Von Culin. 

Tie'visod and enlarged edition Just issued. Thi^ object of this little book is to furnish 
a pocket instructor for the iiegiuner, the busy man who uses an (*ngiiie for pleasure or 
profit, but who does not have tiie time or inclination for* a t(*ehnical book, hut' simt»ly 
to thoroughly understand how to properly operate, install and rare for his own engine. 
The index refers to each trouiile. remedy, and sulijeet alphalwtically. Being a quick 
reference to find the cause, remedy and prevention for troubles, and to iiecome an 
expert with hi.s own engine. Pocket size. Paper binding. lYice . . 25 cents 


GEARING AND CAMS 


CHANGE GEAR DEVICES. By Oscar E. rKRUiGo. 

A praclical book for every designer, draftsman, and mechanic interested in Ihe inven- 
tion and (it^velopTiient of the devices for fi'ed changes on the dilTen'nt machines requir- 
ing such mech.mism All the necessary information on tiiis subject is taken up, 
analyzed classified, sifted, and concentrated for the use of iiusy men who liave not the 
time" to go through tin* masses of irrelevant matter with wdnch sneii a subject is usu- 
ally encumbered and select such information as will bo iis(‘ful to them. 

It shows just what has been done, how it has beum done, when it was de)ne, and who 
did il II saves time in hunting up patent records and re-m venting old ide'as 3ni 
Edition. 101 pagos $1.60 

CAMS, LAYOUT AND DRAFTING. By Louis Roujllon. 

A practical work on Vtirious forms of rams and their design including iise'ftil sugges- 
tions for laving out and drafting typical forms. (-ontents 1 liaying Out ( ’ams 2. 
Grafting Cam Curve. 3. Heart Sha])c Cam '1 Posit ive‘ Motion (^am 5 Im^gular 
Motion Cam. 0. Tck; and Lift Cam 7. Double Contact (’am s. (Cylindrical (’am. 
0. ('Jam Belt Shifter 10 Gas Engine (Cams. H C!am for Mushroom Eollower. 12 
Non-reversiblo (^ams 13. Kewersibh* Cam. 14 Variabk' Motion. 15 Harmonic 
Motion. 10 Motion Diagram 17 Elat Reciprocating Cam IS SleM*v(‘ (kun. 10. 
Face and Drum ('Jams. 20. Device for (Cam Drafting. Revised and Enlargeei Edition. 
Paper cover. Price .... 76 cents 
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HYDRAULICS 


HYDRAULIC ENGINEERING. By Gardnek D. Hiscox. 

A treatise on the properties, power, and resources of water for all purposes. Including 
Ino nu'ttsureracnt of streams, the flow of water In pipes or conduits; the horse-power 
of falling water, turlflne and iniprict water-wheels, wave motors, centrifugal, recipro- 
cating and air-lift pumps. With 300 figun^s and diagrams and 30 practical tables. 
All who are interested in water-works development will And this book a useful one. 
because It is an entirely practical treatise upon a sul)joct of present importance, and 
cannot fail in having a far-njachliig influence, and for this reason should have a place 
in the working library of every engineer. Among the subjects treated are: Historical 
Hydraulics, Properties of Water, Measurenumt of the Flow of Htrtjains; Flow- 
Water Suface Oriflees and Nozzles: Flow of Water in Pipes; Siphons of Various 
Kinds: Dams and Storage Hesijrvoirs: City and Town Water Supply; Wells 

and Th(»lr UeinforcuMnent: Air Lift Mothocls of Raising Water; Artesian Wells, 
Irrigation of Arid Districts; Wnter I'ower: Water-Wheels; flumps and Pumping 
Aliichinery; Reciprocating Pumps, Hydraulic Power Transmission, Hydraulic 
Mining; Caiials, Drcdg#\s, Conduits and Pipe Lines; Marine Hydraulics; Tidal and 
Sea Wave J*ovver. etc 320 pages. Price $4.50 


ICE AND REFRIGERATION 


POCKETBOOK OP REFRIGERATION AND ICE MAKING. By A. J. 

Wallis-Taylor. 

1'lils is one of the latest and most comprehensive reference books published on the 
subject- of refrigeration and cold storage. Jt explains the properties and refrigerating 
effect of the diiTereiit fluids in use, the management of rcfrig(*ra-iing machinery and the 
construction and insulation of cold rooms with their recpiircd iiipe surface for (llfferont 
degrees of cold, freezing mixtures and non-freezing brines, temperatures of cold rooms 
for all kinds of provisions, cold storage ehargi‘s for all classes of goods, ice making 
and storage of ice. data and memoranda for constant reference by refrigerating engineers 
with nearly one hundred tables containing valuafile references to every fact and con- 
dilion re(|uired in the installment and opt'ratjon of a refrigerating plant. Now 
edition just published. 210 pages. 44 illi.strations. JMco .... $2.00 


INVENTIONS— PATENTS 


INV^TORS’ MANUAL, HOW TO MAKE A PATENT PAY. 

This is a !)ook designed as a guide' to inventors in p(*rfecting their inventions, taking 
out tlK'ir jiatents and disposing of them. It is not in any sense a Patent Solicitor’s 
C'ireular nor a l*at-eiit Rroki'r’s Advertisement. No adve-rtisiimiaits of any description 
appt'ar m the work. It is a book containing a guarter of a century’s experience of a 
siieet'ssfir inventor, together with notes based uj)on the experience of many other 
inventors. 

Among the subjects treated in this work are: How to Tnvc'nt. How to Secure a 
(lood Patent-. Value' of Dood Invention. How to Kxliibit an Invention. How to 
interest (’apital. How to Kstimate the Valia' of a Patiait. Value of Design Patents. 
Viable of Foreign Patents. Valia' of Small Inventions. Advice on Sidling J'atents. 
Advici' on the P^ormation of Stock Oonipanics Advice on the Formation of Limited 
Lialdiity Conipanu's. Advice on Disposing of Old IViti^nts Advice as to Patent 
Attorneys. Advice as to Selling Agents Forms of Assignments License and Con- 
tracts. State Laws (Concerning Patent Rights. 1U20 (Census of the United States by 
(Viunts of Over 10, 000 Population. Third revised edition. 138 pages. IllustrAted. 
I Vice $1.60 
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CATALOGUE OF GOOD, PJRACTICAL BOOKS 


KNOTS 


KNOTS, SPLICES AND ROPE WORK. By A. Htatt Vkrbiu.. 

This is a practical book ^ving complete and simple directions for making all the most 
useful and ornamental knots In common use. with chapters on SpHcmg, Pointing, 
Seizing, Serving, etc. This book is fully illustrated with one hundred and fifty 
original engravings, which show how each knot, tie or splice is formed, and Its appear- 
ance when flnishw. The book will bo found of the greatest value to Campers. Yachts- 
men, Travelers, Boy Scouts, in fact, to anyone hawg occasion to use or handle rope 
or knots for any purpose. The book is thoroughly reliable and practical, and is not 
only a guide, but a teacher. It is the standard work on the subject. Among the 
contents are: 1. Cordage, Kinds of Rope, Construction of Rope, Parts of Rope 
Cable and Bolt Rope. Strength of Rope, Weight of Rope. 2. Simple Knots and 
Bonds. Terms Used In Handling Rope. Seizing Rope. 3. Ties and Hitches. 4. 
Noose, Loops and Mooring Knots. 5. Shortenings, Grommets and Salvages. 5. 
Lashings, Seizings and Splices. 7 Fancy Knots and Rope Work. Third revised 
edition. 104 pages. 164 original engravings, Price $1.00 


LATHE WORK 


UTHE DESIGN, CONSTRUCTION, AND OPERATION, WITH PRACTICAL 
EXAMPLES OF LATHE WORK. By Oscah E. Pebwoo. 

A new revised edition, and the only complete American work on the subject, written 
by a man who knows not only how work ought to be done, but who also knows how 
to do It, and how to convey this knowledge to others. It is strictly up-to-date in its 
descriptions and Illustrations. Lathe history and the relations of the lathe to manu- 
facturing are given; also a doscriptioii of the various devices for feeds and thread 
cutting mwhanlsms from early efforts in tills direction to the present time. Lathe 
design Is thoroughly discussed. Including back gearing, driving cones, thread-cutting 
gears, and all the essential elements of the modem lathe. The ciassiflcatiou of lathes 
h taken up, giving the essential differences of the several types of lathes including, 
as is usually understood, engine lathes bench lathes, speed lathes, forge lathes, gap 
lathes, pulley lathes, forming lathes, multiple-spindle lathes rapld-reductior lathes, 
precision lathes, turret lathes, special lathes, electrically-driver lathes etc In addi- 
tion to the complete cxpo.sitIon on construction and design much practical matter on 
lathe installation, care and operation has betm incorporated in the enlai*ged 1915 edi- 
tion. All kinds of lathe attachments for drilling, milling, etc., are described and 
complete instmctions are given to enable the novice machinist to grasp the art of lathe 
operation as well as the principles involved in design. A number of difficult machining 
operations are dracribod at length and illustrated. The new edition has nearly 500 
pages and 350 Illustrations. Price $3.00 

LATHE WORK FOR BEGINNERS. By Raymond Francis Yates, 

A simple, straightforward text-book for those desiring to learn the operation oT a 
wood-turning or metal-turning lathe. The first chapter tells how to choose a lathe 
and all of the standard types on the market are described. Simple and more advanced 
lathe work is thoroughly covered and the operation of all lathe attachments such as 
millers, grinders, polishers, etc., is described. The treatment starts from the very 
bottom and leads the reader through to a point where ho will be able to handle the 
larger commercial machines with very little ln.s(.ruction. The last chapter of the 
book is devoted to things to make On the lathe and Includes a model rapid-fire naval 
gun. This is the only book published in lids country that treats lathe work from 
the standiKilnt of the amateur mechanic. 162 Illustrations. About 250 pages. 
Price $2.00 

TURNING AND BORING TAPERS. By Fred H. Colvin. 

There are two ways to turn tapers; the right way and one other. Thi.s treatise has 
to do wltii the right way; it tolls you how to start the work properly, how to set the 
lathe, what tools to use and how to use them, and forty and one other little things 
that you should know. Fifth edition. Price 85 cents 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 


LIQUID AIR 


LIQUID Am AND THE LIQUEFACTION OF GASES- By T. OConoe Sloanb. 

This book Rives the history of the theory, discovery, and manufacture of Liquid Air, 
and contains an illustrated description of all the experiments that have exdted tha 
wonder of audiences all over the country. It shows how liquid air. like water, is 
carried hundreds of miles and is handled in open buckets. It tells what may be ex- 
pected from It in the near future. ^ , , , , 

A book that renders simple one of the most perplexing chemical problems of the 
century. Startling developments illustrated by actual experiments. 

It is not only a work of sclentiilc interest and authority, but is intended for the general 
r^er, being written in a popular stylo — easily understood by everyone. . Third 
edition. Bevised and Enlarged. 394 pages. New Edition, race . • . 98.00 


LOCOMOTIVE ENGINEERING 


AIR-BRAKE CATECHISM. By Robgbt H. Blackall. 

This book Is a standard text-book. It covers the Westlnghouse Air-Brake Equipment, 
including the No. 5 and the No, 6 E. T. Locomotive Brake Equipment: the K (Quick 
Service) Triple Valve for Freight Service; and the Cross-Compound Pump. The 
operation of all parts of the apparatus is explalnfMl in detail, and a practical way of 
finding thcjlr peculiarities and defects, with a proper remedy, is given. It contains 
2,(K)0 questions with their answers, which will enable any railroad man to pass any 
examination on the subject of Air Brakes, Endorsed and used by air-brake Instruc- 
tors a.id examiners on nearly every railroad in the United States. New edition. 710 
pages, fully Illustrated with colored plates and diagrams. Price 94.00 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By Wm. 
M. Bahr. 

This book has been prepared with special reference to the generation of heat by the 
combustion of the common fuels found in the United States and deals particularly 
with the conditions necessary to the et^onoraic and smokeless combustion of bituminous 
coal In Stationary and Locomotive Steam Boilers. 

Presentation of this lmiK)rtant subject is systematic and progressive. The ar- 
rangement of the book is in a serit« of practical questions to which are appended 
accurate answers, which describe in language free from technicalities the several 
processes involved in the furnace combustion of American fuels: it clearly states the 
essential requisites for pi^fect combustion, and points out the best methods of furnace 
construction for obtaining the greatest quantity of heat from any given quality of 
coal. Nearly 350 pages, fully illustrated. Price 91.60 

DIARY OF A ROUND-HOUSE FOREMAN. By T. S. Reillt. 

This is the greatest book of railroad experionces ever publishtnl. Containing a fund of 
information and suggestions along the line of handling men, organizing, etc., that one 
* cannot afford to miss. 158 pages. Price 91*26 

LOCOMOTIVE BOILER CONSTRUCTION. By Frank A. Kleinhans. 

The construction of boilers in general is treated, and, following this, the locomotive 
boiler is taken up in tluj order in which its various parts go through the shop. Shows 
all types of boilers used: gives details of construction: practical facts, such as life of 
riveting, punches and dies: work done per day, allowance for bonding and flanging 
shet 3 ts, and other data. Including the recent Locomotive Boiler Inspection Laws 
and Examination Questions with tholr answers for Government Inspectors. Contains 
chapters on Laving Out Work, Flanging and Forging, Punching; Shearing; Plate 
Planing: General Tables; Finishing Parts; Bending, Machinery Parts; Riveting; 
Boiler Details; Smoko Box Details; Assembling and Calking; Boiler Shop 
Machinery, etc., etc. .... 

There Isn’t a man who has anything to do with boiler work, either new or repair work, 
who doesn't need this book. The manufacturer, superintendent, foreman, and boiler 
worker— all need it. No matter what the type of boiler, you’ll And a mint of Informa- 
tion that, you wouldn’t be without. 451 pages, 334 illustrations, five large folding 
plates. Price * • 98.60 
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